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Description 

The invention relates to novel 7-azabicyclo-substituted quinolone carboxylic acids^ pharmaceutical compositions 
containing such compounds and methods of treatment with such compounds. 

U.S. Patent 4,571.396 discloses diazabicyclo-substituted naphthyridine-. quinoline- and benzoxazinecarboxylic 
acids having antibacterial activity. European Patent Publication No. 2 15650 discloses similar antibacterial diazabicydo- 
substituted compounds. 

The invention provides antibacterial compounds having the formula 




or a pharmaceutically acceptable acid addition salt thereof, wherein 

Is hydrogen, a pharmaceutically acceptable cation, or (Ci-Ce) alkyi: 
Y when taken independently, is ethyl, t-butyl. vinyl, cydopropyl, 2-f luoroethyl, p-f luorophenyl, or o.p-difluorophe- 

nyl: 

Wis hydrogen. R CI. Br. CrC4 alkyI, C1-C4 alkoxy, NHg. NHCH3; 
A is CH. CF. CCI. COCH3, C-CH3. C-CN or N; or 

A is carbon and is taken together with Y and the cart>on and nitrogen to which A and Y are attached to form a 
live or six membered ring which may contain oxygen or a double bond, and which m^ have attached thereto which 
is methyl; and 

R2|s 




wherein R^. R'*. R^. R®. R^, R^ and R^^ are each independently H. CH3. CH2NH2. CH2NHCH3 or CH2NHC2H5. and R^. 
R^, and R^ may also independently be NHg. NHCH3 or NHC2H5. provided that not more than three of R^, R^, R^. 
R^, R^. R® and R^^ are other than hydrogen, and If three of these substituents are not hydrogen, at least one of them 
is methyl; or wherein R^ is H or a pharmaceutically acceptable cation, Y is O.p-difluorophenyl, W is H. A is N and R^ is 




and prodnjgs of those compourxis of "formula I having a free amino group. 

Preferred compounds of the Invention are those of formula I therein R^ is hydrogen or a pharmaceutically accept- 
able cation such as sodium or potassium, and hydrates thereof. Other prefen-ed compounds are the p-tduene-sul- 
fonate. methanesulfonate and hydrochlorkle salts of the compounds of formula I. 

Other preferred compounds are those wherein A is CH or N. or A is carbon and is taken together with Y and the 
carbon and nitrogen to whkti A and Y are attached to form a six membered ring as follows: 



EP 0 413 455 B1 



5 




10 More preferably. A is CH or N. and most prelerably, A is N. More specrtic compounds are those wherein one or 

two of R^, R^, R^, R^, and R^^ are other than hydrogen. Further jmore specific compounds are those wherein 
one of R^. R^. R^. R® or R^, is CHgNHg or CHgNHCHg. and. optionally, another of R^. R^. R^, R^. R^ or R^. is methyl: 
or those wherein one of R^, R^ R^ or R^ is NH^ or NHCH3 and, optionally, another 0I R^, R^ R^ or R^ or one of R^ and 
R^ is methyl rather than hydrogen. Preferred are those wherein R^. R^, or R^ is amino and, optionally one of R^, R^, R^, 

15 R^. R^ or R^ is methyl, and more prefenred R^ is amino and. optionally, one of R^. R^. R^. R^. R^ and R^ is methyl. In 
the most preferred compounds R^ Is amino and R^, R^, R^, R^, R^ and R^ are each hydrogen. 

Other preferred compounds are those 0I formula I wherein Y is cyciopropyi or o.p-difluorophenyl. and those 
wherein W is hydrogen. 

Specific compounds of the invention are 

20 7-([la,6a Joh7-amino-3-azabicyclo[4. 1 .0]hept-3-yO-6-f luoro-1 -(2,4-dif luorophenyl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyrid- 
ine-3-carboxylic add, 

7-([1a.6a.7al-7-amino-3-azat)icyclo[4.1.0]hepl-3-ylh1*cyclopropyl-6-fluoro-1,4Hjih 
boxytic acid, 

7-(1-amino-3-azabicydo[4.1 .0]hept-3-yl)-1 -cyclopropyl-6-f luoro-1 .4<Jihydro-4-oxo-quinoline-3-cart>oxylic acid. 
25 7-[(1a,5a,6a)-6-amirTo-3-azabcyclo[ai.O]hex-3-yl]-6-fluoro-1-(2,4<lifluorophenyl)-1,^ 
ine-3-carboxylic add. 

7-[(la,5a,6a)-6-amino-3-a2abicyclo[3.1 .0]hex-3-yl]-6-fluoro-1-(2,4-difluorophenyl)-1 ,4Kiihydro-4-oxo-l ,8-naphthyrid- 
ine-3-carboxylic add. hydrate, 

7-{[1a.5a.6a]-6-amino-3-azabicyclo[3.1.0]h6x-3-yl)-6-fluoro-1-(2.4<lifluorophenyl)-^ 
$0 lne-3-carboxy1ic add, hydrochloride salt methanesutfonic add salt, 

7-([1a.5a.6p]-6-amino-3-a2abicydoI3.1.0]hex-3-yl)-6-fluoro-1-(2.4-difluorophenyl)-1.4KJI^ 
ine-3-carboxylic add, and 

The compounds of formula I of the invention wherein R^. R^, R^. R^, and R^^ are other than hydrogen can bear 
these substituents in either of two steric configurations relative to the cydopropyl group in R^. The compounds of tor- 

3S mula I of the invention indude the racemic mixtures and the optical isomers of all of these configurations. 

The invention indudes prodrugs of compounds of the formula I having free amino groups. Prodrugs are understood 
to comprise an amino add residue, or a polypeptide chain of two or more amino acid residues which are covalently 
joined through peptide kxwids. The amino add residues of use include the 20 naturally occun'ing amino adds desig- 
nated by three letter symbols, 4-hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, 

40 beta-alamine, gamma-aminobulyric acid, citrulline homocysteine, homoserine, ornithine and methionine sulfbne. Pre- 
ferred amino add residues are those with a r^or^polar group such as Ala, Val, Nval, Leu, Met. Gy. Pro. Phe. or a basic 
polar group such as Lys. 

The invention includes a pharmaceutical composition comprising a pharmaceutically acceptable carrier or diluent 
and a compound of the formula I in an antibacterially effective amount 
46 The invention further indudes a method of treating a host, such as an animal or a human being, having a bacterial 
infection comprising administering to the host an antibacterially effective amount of a compound of the fbrnnula I, or a 
pharmaceutical composition as defined above. 

The invention also indudes intenmediates of use in the preparation of a oonpound of the formula I. Exenplary inter- 
mediates have the formula 



3 
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1$ wherein is hydrogen, benzyl, or benzyloxycartx)nyl. and 

R^* is carboxyl, hydroxymethyl, CHO. CH2NR^^R^2 nr'^^R^^ wherein R^^ is hydrogen, methyl, or ethyl, and 
R^^ is hydrogen. C^C^ acyl, 02-0$ alkoxycarbonyl. optionally substituted benzyloxycarbonyl, aryloxycarbonyl. silyl, 
trityl, tetrahydropyranyl, vinyloxycarbonyl, o-nitrophenyisulfonyl.diphenylphosphonyl, p-toluenesuHonyl, or benzyl. 
Other intermediates of use in preparing compounds I are evident from the description t^elow. particularly the sec- 
20 tions numbered by Roman numerals. 

The term "CyC^ alkyi". used In the definition of R\ denotes saturated monovalent straight or branched aliphatic 
hydrocarbon radicals havirtg one to six carbon atoms, such as methyl, ethyl, propyl, isopropyl. t-trutyt. etc. 

When A is carbon arxl is taken together with Y and the carbon and nitrogen to which A and Y, respectively, are 
attached to form a five membered ring or a six membered ring, the compounds of fomiula I in one specific embodiment 
25 have the following formula: 



30 



3S 




wherein Z is CH2, 0 or a covalent bond, and D is CH2. CHCH3 or C=CH2. and D may be CH=CH when Z is a covalent 
bond. 

The compounds (1) of the Invention may be prepared by reacting a compound of the formula 



so 




with a compound of the formula R^H wherein R^ , R^, A, W and Y are as def inaj above in connection with formula I, 
except that R^ includes within the definitions of F^. R^, R^, R®. R^ and R^. the N-protected groups 0I NH2. CHgNHg. 
NHCH3. CH2NHCH3. NHC2H5. and CH2NHC2H5. and X is a leaving group such as f luoro. chloro, bromo or CyC^ alkyl- 
suKbnyl. Nitrogen protecting groups are known in the art. Examples of suitable nitrogen protecting groups are O^-Ce 
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acyl, Cg-Cfi alkoxycarbonyl optionally substituted benzyloxycarbonyl. aryloxycarbonyl, silyl, trityt, tetrahydropyranyl, 
vinyloxycarbonyl, O-nHrophenylsuilonyl, diphenylphosphlnyt. p-toluenesulfbnyl. and benzyl. The nrtrogen protecting 
group is removal by methods known in the art such as hydrogenation or hydrolysis. 

The reaction may be conducted with or without a solvent. The solvent, when used, must be inert under the reaction 
5 conditions. Suitable solvents are acetonitrile. tetrahydrofuran. etharK>l, chloroform, dimethylsuHoxide. dimethylforma- 
mide. pyridine, water, or mixtures thereof 

The reaction temperature usually ranges from about 20^0 to about 1 SO^C. 

The reaction may advantageously be can-ied out in the presence of an acid acceptor such as an inorganic or 
organic base, e.g. an alkali metal or alkaline earth metal carbonate or bicarbonate, or a tertiary amine, e.g. triethyl- 
10 amine, f^ridine or picdine. 

When is CrCg alkyi, conversion to the corresponding acid may be canried out under acidic or basic conditions 
conventional for hydrolysis of carboxylic acid esters, at about 20" to 150**C. 

The starting materials of formula II are known in the art, e.g. as disclosed in U.S. Patents 4.571 ,396 and 4,775,668. 
The starting materials of formula R^H have the following formulae 

15 



20 



25 




30 wherein R^, R^, R^, R®, R^. R^, R''^ and R^^ are as defined above in connection with a compound of the formula R^H. 
Specific examples of such and similar starting materials are the following compounds: 



35 
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LII LIII 




LIV 
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LXX LXXI 



wherein R^. R*. R^. R®. R^ R^, and R^^ are as defined above, excepl hydrogen, and R''^ ie as defined as for R^. 

The preparation of representative foregoing conpounds I to XXI Is discussed below wherein each section is 
referred to by the formula of the compounds prepared. 

3-AzabicvclQr3. 1 .Qlhexane (Vi 

3-Azabicyclo[3.1.0]hexane may be prepared by the method of D. A. Wood et al. European Patent Publication 
0010799 from 1 .2-cyclopropanedicarbQxylic acid. 

2-R^-Substituted a-AzabicyclotS.I.Olhexanes (VI) 

2-Cyano-3-azabicyclo[3.1.0]hexane can be prepared by the method o1 D. A. Wood et al. EP 0010799. Protection 
of the ring nitrogen, for instance by a benzyl group, then provides 343en2yl-2-cyano-3-azabicyclo[3.1 .OJhexane. Reduc- 
tion of the nitrile with lithium aluminum hydride gives a compound of the formula VI wherein R^ is CH2NH2 and the 3-N 
is benzytated. This compound, and alt subsequently described amino-substituted azab'cyclo[3.1 .OJhexyl systems, may 
be advantageously protected, for instance with an alkoxycarbonyl group such as tert-butoxy-carbonyl, or a carboxylic 
acid group such as formyl or acetyl, and subsequently debenzylated via hydrogenation to provide the protected 2-ami- 
nomethyl-3*azabicyclo[3.1.0]hexane. After coupling of this debenzylated diamine to a quinolone or naphthyridine 
nucleus by reaction with a compound of the formula II. the amino-protecting group such as the teft-butoxy-carbonyl or 
acetyl group can be removed by exposure to acidic conditions. 

Alternatively, the diamine 2-aminomelhyl-3-benzyl-3-azabicyclo[3.1.0]hexane can be formylated or acelylaled by 
heating to r^Iux with ethyl formate, according to the procedure of Moffat et al.. J. Org. Chem .. 27, 4058 (1962). or acetyl 
chloride. These amides can then be reduced to the corresponding amines wHh lithium aluminum hydride, to provide a 
compound of the formula VI wherein is CH2NHCH3 or CH2NHC2H5. This compound may be protected, as in the 
case of the conversion of the above diamine 2-aminomethyl-3-benzyl-3-azabicyclo[3.i.0]hexane to 2-[(N-acetyl)ami- 
nomethyi] or 2-((N-tert-butoxycarbonyllaminomethyl]-3-benzyl-3-azabicyclo[3.l.0]hexane, then debenzylated and 
appended to the quinolone or naphthyridine nucleus by reaction with a compound of the formula 11. 

For the case wherein is CH3, the above nitrile 3-benzyl-2-cyano-3-azabicydo[3.l.0]hexane can be hydrolyzed 
under acidic or basic conditions to the conresponding carboxylic add. and reduced with lithium aluminum hydride to the 
alcohol 3-benzyl-2-hydroxymethyl-3-azabicyclo[3. 1 .OJhexana Formation of the tosylate followed again by lithium alumi- 
num hydride reduction provides the 2-methyl congener 3-benzyl-2-methyl-3-azabicydo[3.1.0]hexane, which can be 
debenzylated as above. 

1-R^-Substituted-3-azabicyclo[3.1,Q]hexanes CVII) 

These compounds can be prepared from the nitrile 3-benzyl-1-cyano-^-azabicydo[3.1.0]hexane. whose prepara- 
tion is reported by Achini and Oppoizer, Tetrahedron Letters. 1975, 369. Alternatively, the nitrile may be synthesized 
from 3-[(benzyO(2.3-clihydroxypropyl)amino]-propanenitrile via bismesylation, followed by double ring closure with 
sodium hexamethyldisilazide. Transformation of the nitrile functionality of 3-benzyl-1-cyano-3-azabicyclo[3.1.0]hexane 
Into CH3, CH2NH2, CH2NHCH3 or CH2NHC2H5 can be can-ied out as in section VI above. 

Hydrolysis of 3-benzyl-1-cyano-3-azabicyclo[3.1.0]hexane to 3-benzyh3-azabicydop.1.0]hexane*1*carboxyllc 
acid can be can-ied out under basic conditions. Subsequent reaction with cfiphenylphosphoryl azide in t-butanol, using 
the procedure reported by Ninomiya et al.. Tetrahedron 1974. 30. 2151. provides the protected amine 3-benzyl-1-tert- 
butoxycarbonylamino>3-azabicyclo[3. 1 .0]hexane. Debenzylation as above yields an amine which can be coupled to the 
quinolone or naphthyridine nudeus by reaction with a compound of the fbmiula II; addic removal of the tert-butoxycar- 
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bonyl group provides the final product with an amino group as the 1-substituent in the 3-azabicyclo[3.1.0]hexane side 
chain. 

Removal of the tert-butoxycarbonyi group from the protected amine to give l-amino-3-benzyl-3-azabicy- 
clo[3. 1 .0]hexane can be followed by acetylalion or formylation and lithium aluminum hydride reduction as above to pro- 
vide a compound of the formula VII wherein is NHCH3 or NHC2H5. Wis can be further processed as in Section VI 
to provide the final product bearing a methylamine or ethylamine at C-1 of the 3-a2ablcydo[3.1 .0]hexane side chain. 

Alternatively, 3-benzyl' 1 -tert-butoxycarbonylaminO'3-azabicyclo[3. 1 .0]hexane can be N-a!kyiated by treatment with 
sodium hydride and methyl or ethyl iodide. The resulting dqxotected N-alkyl compound can be debenzylated and proc- 
essed as in Section VI. 

6-R^-Substrtuted-3-azabicyclo[3.1 .0]hexanes (VIII) 

Addition of ethyl diazoacetate to N-benzylmaleimide generates a pyrazoline which upon thermolysis provides 3- 
benzyl-3-azabicydo[3.1.0]hexane-2.4-dione-6-cartK)xyfic add ethyl ester. Reduction with lithium aluminum hydride 
gives 3-benzyl-6-hydroxymethyl-3-a2abicydo[3.l .0]hexane; Swern oxidation followed by oxime formation and lithium 
aluminum hydride reduction then produces the primary amine, which can be protected or treated as above to give a 
compound of formula VIII wherein R^ is CH2NHCH3 or CH2NHCH2CH3. 

Alternatively, 3-benzyl-6-hydroxymethyl-3-a2abicyclo[3.1 .0]hexane can be treated as in Section VI to provide the 6- 
methyl derivative. To prepare compounds with a 6-amino group, hydrogenolytic removal of the benzyl group from 3-ben- 
zyl-6-hydroxymethyl-3-azabicydo[3.1.0]hexane is follov\/ed by introduction of a benzytoxycarbonyl group; Jones oxida- 
tion at this point provides 3-benzyloxycarbonyl-3-azabicydo[3.1.0]hexane-6-carboxylic acid. Curtius rearrangement as 
in Section VII, using diphenylphosphoryl azide. yields 3-benzyloxycarbonyl-6-tert-butoxycarbonytamino-3-azabicy- 
cloI3.1 .OJhexane, which can be taken on to the analogue bearing a primary amine, or which can be deprotected and 
further manipulated as in Section VII to provide the compounds of formula VIII wherein R^ is NHCH3 or NHC2H5. 

Another route to these compounds involves treatment of N-benzyloxycartx)nyl-3-pyn^oline with ethyl diazoacetate 
under rhodium acetate catalysis, to provide the ethyl ester of 3-benzyloxycart:>onyl-3-azabicyclo[3. 1 .0]hexane-6-cartx)x- 
ylic acid. Basic hydrolysis, for instarKe with sodium hydroxide in methanol, then gives the con-esponding carboxylic 
acid, which can be processed as described above. Alternatively, the benzyloxycarbonyl g-oup can be removed by 
hydrogenolysis. and the nitrogen functionality protected as a benzyl derivative, by treatment with benzyl bromide. Sub- 
sequent lithium alurnnum hydride reduction then gives 3-benzy!-6-hydroxymethyl-3-azabicyclo[3.1.0]hexane, which 
can be further functionalized as described above. 

1 , 2- R^. R^-Disubstituted-3-azabicyclo[3. 1 . 0]hexanes ( IX) 

Modiffcatfon of the Oppolzer procedure mentioned in Section VII provides this substitution pattern. For the 2-methyl 
substituted compounds, 3-benzylaminobutanenrtrile is used as the starting material. For all otho- 2-substihjents, 3- 
(ben2ylamino)-4-[(tetrahydro-2H-pyran-2-yl)oxy]-butanenitrile, available from beta-cyanoalanlne via carboxylic ackJ 
reduction, alcohol protection and N-benzylatlon. can be reacted with glyddd to provide 3-t(benzyl)(2,3-dihydrQxy-pro- 
pyl)amino]-4-[(tetrahiydro-2H-pyran-2'yl)oxy]butanenttrile. Tosylation of the primary alcohol is followed by Ijase-induced 
ring ctosureto 3-{(benzyl) (2,3-epoxypropyl)amino]-4-[(tetrahydro-2H-pyran-2yl)oxy]-butanenitrile; sodium hexamethyl- 
disilazide treatment provides 1 ■benzyl-4-hydroxymethyl-2-[(tetrahydro-2H-pyran-2-yt)Qxy]methyl-3-pyrrolidine-carboni- 
trile. A second tosylation can be followed again by base-induced ring ck>sure to the 3-a2abicydo[3.i .0]hexane of the 
formula IX wherein the 2-substituent is tetrahydropyranyloxymethyl, the 1-substituent is cyano. and the 3-aza nitrogen 
is benzylated. The nitrile functtonality of the latter can be transformed into all of the substituents as in Section VII. 

F=br the elaboration of the C-2 substltuent R^. final C-1 substituents R^ bearing amino groups can be protected as 
the corresponding acetamides. Subsequent add-induced removal of the tetrahydropyran (THP) protecting group gives 
a primary alcohol which can be subjected to a Swern oxidation; reductive amination of the derived aldehyde with ammo- 
nium acetate, methylamine or ethylamine then provides the conrespondlng amines of the formula IX wherein R^ Is CH3 
or amino-protecled CHgNHg. CH2NHCH3, CHaNHCgHg, NIHg, NHCH3, or NHC2H5. and R^ is CH2NH2. CHgNHCHg, or 
CH2NHC2H§. Protection of the resultant 2-amine can be carried out as above, with the tert-butoxycartxxiyl protecting 
group; removal of the benzyl group via hydrogenation provides the free secondary amine, which can te coupled to the 
quinolone or naphthyridine nudeus, followed by acid-induced removal of the acetamide and tert-butoxycartx)nyi groups. 

2.6-R^,R^-Disubstltuted-3-a2ablcydoB.1.01hexanes(X) 

These compounds can be prepared from 3-benzyl-6-hydroxymethyl-3-azabicydo(3.l.0]hexane; protection as the 
THP ether, followed by debenzylation, provides 6-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-azabicydo[3.1.0]hexana A 
cyano group can then be jntroduced Into the 2-posltion by the method of Wood, as in Section VI. Relntroductk)n of the 
benzyl group provides 3-benzyl-2-cyano-6-[(tetrahydro-2H-pyran-2-yl)oxy]melhyl-3-azabicydo[3.1.0]hexane. wherein 
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the two substituenis are differentially functionalized. The cyano group can be transformed into the desired 2-substitu- 
ents, as described in Section VL At this point, protection of any primary or secondary amine as its acetamide can be 
followed by acidic removal of the tetrahydropyran protecting group, and elaboration of the primary alcohol into the 
desired substituent by the methods outlined in Section VIIL 
5 When the 6-substituent is a methyl group, elaboration of the tetrahydropyranyl ether Is carried out prior to introduc- 
tion of the cyano group at C-2. When the 2-substitutent is a methyl group, an alternate route involves rhodium acelale- 
catalyzed cydopropanalion o1 N-ben2ylQxycarbonyl-2-methyl-3- pyrrol ine (available yjg the chemistry described by 
Takano, Heterocvcles . 1989, 29, 1861. starting with 4-hydroxy-l -pentene) with ethyl diazoacetate. The ester group can 
then be elaborated to the desired 6-sub6tituenl as in Section Vlll. 

10 

1.4- RQ,R^ Disubstituted'3-azabicyclo[3>1.0]hexanes (XI) 

These compounds can be prepared from methyl aaylale and 2-ben2ylamino-3-[(tetrahydro-2H-pyran-2-yl)oxy]pro- 
panoic acid methyl ester; heating these reagents in methanol provides an adduct which can be cydized with sodium 

15 hexamethyldisilazide to 1-ben2yl-4-05fo-5-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-pyrrolldine carboxylic acid methyl 
ester. Reduction and benzyl group removal is effected with Raney nickel; introduction of a benzyloxycarbonyl group is 
then followed by nnesylation of the secondary alcohol and diazabicydononane-mediated dehydratton to give 1-benzy- 
loxycarbonyl-2,5-dihydro-5-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-1H-pyrrole-3<;arboxyn^ add, methyl ester. Cydopro- 
panalion with diiodomethane and zinc/silver couple, according to the method of Denis et al.. Synthesis. 1972, 549, 

20 gives the bicydo(3. 1 .0]hexyl system of formula XI wherein the 1 -subslilueni is CO2CH3, the 4-substituent is tetrahydro- 
pyranyl oxymethy I, and the 3-nitrogen is protected with benzyloxycarbonyl. The ester can be reduced to the correspond- 
ing alcohol wherein the 1 -substituertt is hydroxymethyi with lithium borohydride. Removal of the benzyloxycarbonyl 
group by hydrogendysis using 10% palladium on cartoon can then be folk)wed by benzylatk>n with benzyl bromide, to 
provide the compound of fdnnula XI wherein the 1-substituent is hydroxymethyi. the 4-substituent Is tetrahydropyrany- 

25 loxymethyl, and the 3-nitrogen Is protected with benzyl. Alternatively, the cydopropanation product obtained above can 
be hydrolyzed with sodium hydroxide to the con-esponding add wherein the 1-substituent is CO2H. These two com- 
pounds can be manipulated as in Section Vlll to provide the desired 1-substituent R^; after protection of the 1 -substit- 
uent. the 4-substituent can be generated from the tetrahydropyranyl-protected alcohol as in Section IX. Removal of 
the 3-benzy toxycarbonyl group can then be effected by hydrogenation. 

30 When the desired 4-substituent is a methyl group, the chemistry described above can be carried out starting with 
2-benzytamino-propanoic add methyl ester. 

1 ,6-R^.R^-Disubstituted-3-azabicycto[3. 1 .0]hexanes (XII) 

35 These compounds can be prepared from lert-butyl acrylate and N-benzylglydne methyl ester; 1-benzyloxycarbo- 
nyl-2,5-dihydro-1H-pyrrole-3-carbQxyfic add. tert-butyl ester is then synthesized the methods described in Section 
XI. MdytxJenum hexacarbonyl-medialed cydopropanation with ethyl diazoacetate then provides the bicydic system of 
the formula XII wherein the 1 -substituent is t-butyloxycartx)nyl, the 6-substituent is ethyloxycarbonyl. and the 3-nitrogen 
is substituted by benzyloxycarbonyl. Selective hydrolysis of the tert-butyl ester with trifluoroacetic acid can be fblbwed 

40 by diborane-mediated reductbn of the liberated carboxytk; acid and protection of the derived primary alcohol as its tet- 
rahydropyranyl ether. The 6-carboethoxy group can then be transfbnmed into the desired 6-substiluent as described 
above with respect to compounds of the formula XI. For a 6-methyl substituent, the protecting group on nitrogen is 
changed from benzyloxycarbonyl to benzyl as outlined in Section IX. After protedion of any primary or secondary 
amines, the tetrahydropyranyl group can be removed urxJer acidic conditions and the primary alcohol can be elaborated 

45 Into the desired 1 -substituent by the methods outlined In Section VIIL 

For the case of a 1 -methyl substituent. N-benzyloxycarbonyl-3-methyl-3-pyn'0line (availalDle yia N-protection of 3- 
methyI-3-pyn-oline, whose preparation is described by Gajda. Liebios Ann. Chem. 1 986, 992) is cyclopropanated using 
ethyl diazoacetate under rhodium acetate catalysis, to give a compound of fbrnuila Xil wherein the 1-substituent is 
methyl, the 3-substituent is benzytoxycarbonyl, and the 6-substituent is ethoxycaitx)nyl. The ester functionality is then 

so elaborated as described above. 

1 .5- R^.R^-Disubstituted-3-azabicycb[3. 1 .Olhexanes fXlin 

These compounds are derived from l-benzyl-4-hydroxymethyl-3-pyrrolidine carbonitrile, whose preparation is 
55 described by Achini and Oppolzer as mentioned in Section VII. Protection of the primary alcohol followed by nitrile 
hydrolysis and diazomethane esterification provides 1-benzyl-4-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-pyn'didine 
caiboxylic acid methyl ester. The benzyl group can be removed by hydrogenation and replaced by a benzyfoxycart>onyl 
group. Introduction of a thiophenyl group can then k>e effected via deprotonation with sodium hydride and reaction of 
the derived enolate with S-phenyl benzenethiosulfbnate to give 1-benzyloxycarbonyt-4-[(tetrahydro-2H-pyran-2- 
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yI)oxy]me1hyl-3-thiophenyl-3-pyrro!idinecarboxyrlic acid melhyl ester. Oxidation of the sulfur with hydrogen peroxide, fol- 
lowed by thermolysis o1 the de-ived sulfoxide then gives alkene 1-ben2yfoxycarbonyl-2,5-dihydro-4-[(te1rahydro-2H- 
pyran-2-y!)oxy)methyl-1H-pyrrol-3-cart)oxylic acid methyl ester. Cydopropa nation with diiodomethane provides the 
bicyclic system of formula Xtll wherein the 1-substi1uent is methoxycarbonyt, the 5-substi1uent is tetrahydropyrany- 
iQxymethyl. and the 3-aza is substituted by benzyloxycarbonyl. which can be further elaborated as in Section XII to give 
all of the disubstiluted compounds. 

When the 1-substiluent is methyl, the benzyloxycarbonyl group is replaced with a benzyl group, as in Section XI, 
prior to conversion of the tetrahydropyranyloxymethyl group to a methyl gfwp. 

2.4-R^.R^^-Pisubstituted 3-azabicvclof3.1.01h6xan6S (XIV) 

These compounds can be prepared from 3-benzyl-2-hydroxymethyl-3-azabicyclo[3. 1.0]hexane by protection of the 
primary alcohol as the tetrahydropyranyl ether, debenzylation, introduction of a cyano group at the 4-position. and con- 
version into the desired 2- and 4*8ubstituents according to the methods described in Section X. 

3- AzahicvdQr4.1.Q1heptane fXVI 

Reaction of 1 -benzyl- 1,2,5,6-tetrahydropyridine with diazomethane and zinc iodide, according to the method of 
Attia. Jnd. J. Chem .. 16B. 98 (1978) provides 3-benzyl-3-azabicyclo[4.1 .0]heptana IHydrogenolyttc renrkoval of the ben- 
zyl groi^ gives 3-azabicyclo[4.i .OJheptane. 

6-R^-Substituted 3-Azabicyclor4.1.01heptanes (XVI) 

Reaction of 3-benzylamino-1.2-dlhydroxypropane with 4-bronfiobutanenitrile provides 4-[(benzyl) (2.3-dihydroxy- 
propyl)amino]butanenitrlle. Processing of this compound as In Section VII provides 3-benzyl-6-cyano*3-azabicy- 
clo[4.1.0]heptane. The nitrile group of this compound can be transformed into the desired 6-R^-substituents as 
described in Section Vll. 

Alternatively, methyl 1-benzyloxycaitx)nyl-1,2,5,6-tetrahydropyridine-4-cartK>xylate can be reduced with diisobuly- 
laluminum hydride, to provide 1-benzyloxycarbonyl-4-hydroxymethyl-1,2.5.6-tetrahydropyridine. Cydopropanation 
using samarium amalgam and iodochtoronfielhane, then gives 3-benzyloxycarbonyl-6-hydroxymethyl-3-azabicy- 
clo[4. 1 .Olheptane. The hydroxymethyl group can be transformed into the desired substituent by the methods outlined in 
Section VHI. 

5-R^-Substituted 3-Azabicyclo[4.1.0]heptanes (XVII) 

These compounds can be prepared from 3-azabicyclo[4. 1 .0]heptan-4-one. disclosed in US, Patent 4.262,124. 
Reaction with sodium hydride and benzyl bromide provkJes 3-benzyl-3-azabicyclo[4.1.0]heptan-4-one, which can be 
subjected to treatment with strong base, such as lithium hexamethyldisilazide. and then reacted with formaldehyde. 
Subsequent protection of the resulting primary alcohol as the tetrahydropyranyl ether gives 3-benzyl-5-[(tetrahydro-2H- 
pyran-2-yOoxy]methyl-3-azabicycio{4.1.0]heptan-4K>ne. Lithium aluminum hydride reduction then yields the bicydic 
system of the fonmula XVII whs'e the 5-substituent is tetrahydropyranyl -protectoi hydroxymethyl. This substituent, after 
add-induced removal of the THP group, can be transformed into the desired 5-R^-substituent by utilizing the m^fiods 
descrft>ed in Section VIII. 

Alternatively, when R^ is amino or substituted amino, the compounds n^y be prepared starting from t-benzylocy- 
carbonyl*5-hydroxy'1,2.5.6-tetrahydropyridine. Samarium-promoted cycfopropanation, as in Section XVI. can then be 
followed by replacement of the benzyloxycarbonyl group by a benzyl group, as in Section VIII (the benzyl bromide step 
can be replaced by treatment with benzaldehyde/sodium cyanoborohydride). to give 3-benzyl-5-hydroxy-3-azabicy- 
clo[4.1.0]heptane. A Swern oxidation provides the corresponding ketone, and suk>S6quent treatment with hydroxy- 
lamine hydrochloride, followed by litNum aluminum hydride reduction of the derived oxime, then gives 34:>enzyl-5- 
amino-3-azabicydo[4. 1 .0]heptane. Protection of the primary amine as its tert-butoxycarbonyl derivative can then be fol- 
lowed, if desired, by introduction of an N-methyl or N-ethyl group, as in Section Vll. 

4- tf -Substituted-3-Azabicydor4.1 .Olheptanes (XVIIi) 

These compourkis can be prepared from 2-hydroxymethylpyridine by protection of the primary alcohol as the tet- 
rahydropyranyl ether followed by reaction with benzyl iodide, and sodium tx>rohydride reduction, according to the 
method reported by Sashida and Tsuchiya. Chem. Pharm. Bull.. 32. 4600 (1984). to provide 1-b6nzyl-2-{(tetrahydro- 
2H-pyran-2-yl)oxy]methyl-l .2.3,6-tetrahydropyridine. Cydopropanation with diazomethane/zinc iodide, according to the 
method of Attia in Section XV, then gives 3-berizyl-4-[(telrahydro-2H-pyran-2-yOoKy]methyl-3-azabicydo[4.1 .0]hepta^ 



13 



EP 0 413 455 B1 



Acid-induced removal of the tetrahydropyranyl group can be fbllcwed by methods described in Section VIII to provide 
the desired 4-R^-substituent. 

2>R^-SubstitiJted-3-Azabicydo[4.l .Olheptanes (XIX) 

Compounds of this type may be prepared from bicyclo[3.1 .0]hexan-3-one by deprotonation with strong base, such 
as lithium hexamethyfdisilazide. followed by quenching of the derived enolate with formaldehyde and protection of the 
resulting primary alcohol as the tetrahydropyranyl ether to provide 2-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-blcy- 
clo[3.1 .0]hexan-3-one. Beckmann rearrangement of this compound, yja the corresponding oxime tosylate. provides 2- 
[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-azablcyclo[4.1.0]heptan-4-one. Reaction with sodium hydride and benzyl bro- 
mide, followed by reduction with lithium aluminum hydride, then gives 3-ben2yl-2-[(tetrahydro-2H-pyran-2- 
yl)Qxy]methyl-3-azabicyclo[4.1.0]heptane: the protected hydroxymethyl 2-substituent can be transformed into the 
desired 2*substituent utilizing the methods described In Section IX. 

1 - R^'Subs1itu1ed'3-A2abicydo[4. 1 .0]heptanes (XX) 

These compounds can be prepared from methyl 1-benzyloxycarbonyl-1.2,5.6-tetrahydropyridine-3'Carboxylate. 
using the methodology described in Section XVI to generate 3-benzyloxycarbonyl-1 -hydroxymethyl -3-azabicy- 
cio[4. 1 .OJheptane. The methodology described In Section VIII can be used to convert the hydroxymethyl group Into the 
desired substHuent. In this case, as well as others where the Curtlus rean-angement Is employed, good results may be 
obtained using the modified Curtlus reaction desaibed by Overnnan. Org. Synth. ColL Volume ^ 95. 

7-R7-Sub5tltuted-3-Azabicyclo[4.l.0]heptanes (XXI) 

These compounds can be prepared from 1-benzyl-5,6-dihydro-2(1 H)-pyridinone by reaction with ethyl diazoacetate 
with molybdenum hexacartxjnyl catalyst to provide 3-b6nzyl-2-oxo-3-a2abicydo[4.1.0]heptane-7-carboxylic add ethyl 
ester, which can be reduced with lithium aluminum hydride to provide 3-benzyl-7-hydroxymethy!-3-azabicy- 
clo[4. 1 .0]heptane. Utilization of the methods in Section VIII then yields the desired 7-R^-substrtuent 

Altematively. 1-ben2yloxycarbonyl-1,2.5.6-tetrahydropyridine can be subjected to reaction with ethyl diazoacetate 
under riiodium acetate catalysis, to provide ethyl-3-benzyloxycarbonyf-3-azablcydo[4.l .01heptane-7-cait>oxyIate. Ester 
hydrolysis with sodium hydroxide then provides the corresponding carboxylic acid, which can be converted as 
described in Section VIII to give amino or substituted amino derivatives. 

2.7-R^.R^-Disubstituted-3-azablcvclQr4. 1 .Otheoiflnes fXXIIh 

These compounds are derived from 1-methyl-2-tetrahydropyranyloxymethyl-1,2.5.6-tetrahydropyridlne, which can 
be prepared from 2-(hydroxymethyl)pyrldine using the procedures outlined In Section XVIII. Treatment of 1-methyl-2- 
tetrahydror^ranyloxymethyl-1,2.5,6-tetrahydropyridine with a-chloroethyl chloroformate. fallowed by methanol, senses 
to remove the 1 -methyl group; treatment of the secondary amine with benzyl chloroformate then yields 1-benzy!oxycar- 
bonyl-2-1etrahydropyranyloxymethyl-1 .2,5,6-tetrahydropyrldine. Cyclopropanation of this compound with ethyl diazoac- 
etate in the presence of catalytic rhodium acetate gives ethyl 3-benzyloxycarbonyl-2-tetrahydropyranyloxymethyl-3- 
azabicyclo[4.l.0]heptane-7-carboxylate. This can be transfbnned into a compound with the desired substitution pal- 
tern, using the chemistry described in Section XI. 

2.6- R^.R^-Dlsubstituted-3-azabicyclof4.1 .Olheptanes (XXIV) 

These conrpounds can be prepared from methyl 1-benzytoxycarbonyl-1,2,5,6-tetrahydropyridine-4-carboxylate. 
Deprotonation wHh strong base, such as lithium dilsopropytamide or lithium hexamethyldlsilazide. can be followed by 
reaction with formaldehyde and protection of the reailting primary alcohol as Its tetrahydropyranyl derivative, to give 
methyl 1-benzylQxycarbonyl-2-tetrahydropyranyk>xymethyi-1.2,5,6-t€trahydrq:^ridine-4-catboxylata Processing of this 
compound using metfiodology described in Section XVI provides 3-benzylpxycartx)nyI-6-hydroxymethyl-2-tetrahydro- 
pyranyloxymethyi-3-azabicycio[4.l.0]heptane, which can be converted into ihe desired disubstituted compound using 
chemistry from Sections VIII and XI. 

1 .7- R^.R^-Disubstituted-3-azabicvclQf4.1 .Olheptanes (XXVII) 

Methyl 1-benzyloxycarbonyl-1.2.5,6-tetrahydropyridine-3-carboxyiate can be reduced with diisobutylaluminum 
hydride, and the resisting prirnary alcohol protected as its tetrahydropyranyl derivative. Cyclopropanation with ethyl dia- 
zoacetate In the presence of rhodium acetate then yields the ethyl ester of 3-benzylcixycarilx)nyl-1-tetrahydropyrany- 



14 



EP 0 413 455 B1 



ioxymethyl-3-azabicyclo[4.1.0]heptane-7-carboxylic acid. Processing of this compound as in Section XII delivers the 
desired substitution. 

Alternatively, lert-butyl l-ben2yloxycarbonyl-l,2,5,6-1etrahydropyridine-3-carboxylate can be cyclopropanated 
using ethyl diazoacetate under molybdenum hexacarbonyl catalysis, to give 1 -tert-butyl 7-e1hyl 3-ben2yloxycarbonyl-3- 
azabicyclo[4.1.0]hep1ane-1,7<licarboxyllc acid. Application of chemistry desaibed in Section Xli can be used to syn- 
thesize the desired disubstituted compound. 

1.6-R^R^-Disubstituted-3'azabicyclo[4.1.0]heptanes(XXVIII) 

Addition of benzytamine to 1-letrahydropyranyloxy-3-buten-2*one. followed by Wrttig oldination of the ketone with 
methyltriphenylphosphonium bromide and base, provides 4-ben2ylamino-2-methylene-1 -(tetrahydropyranylaxy)butane. 
Amide formation with monoelhyl malonate. using carbonyldilmidazote as a condensing agent then provides a cficarbo- 
nyl compound, which is subjected to diazo transfer using p-toluenesulfonyl azide or p-cartx>xyphenylsulfonyl azide 
under the influence of potassium t-butoxide or potassium hydride. Alternatively, the procedure of Koskinen. J. Chem . 
Soc . Chem . Commun .. 1990, 652 can be utilized. The resulting diazo compound is treated wHh rhocfium acetate in 
refluxing benzene, according to the procedure of Kametani, Chem . Pharm . Bull .. 1985, 61 , to provide the ethyl ester of 
3-benzyl-2-oxo-6-te1rahydropyranyloxymethyl-3-azabicyclo[4.1.0]heptane-1-carboxylic acid. Lithium aluminum hydride 
reduction gives a compound of formula XXVIII wherein the 1 -substituent is hydroxymethyl and the 6-substituent is tet- 
rahydropyranylQxymethyl. This compound can be processed into the desired sidechain by the chemistry described in 
Sections XI and VIII. 

1.5- R^.R^-Disubstituted-3-a2abicvclor4.1.Q1heptanes(XXIX) 

2-Ethenyl-1 ,3-propanediol can be prepared using the methodology of Meyer, gyQ. Commun .. 1986. 261 . Monopro- 
tection as the letrahydropyranyl derivative can be followed by mesylation of the remaining primary alcohol, and dis- 
placement with benzylamine. to provide 4-(ben2ylamino)-3-tetrahydropyranyloxymethyl-1 -butene. Amide formation with 
monoethyl malonate, diazo transfer and cyclization as in Section XXVI II then provides the ethyl ester of 3-benzyl-2-oxo- 
5-tetrahydropyranyloxym€thyl-3-azabicyclo[4.l.0]heptane-l-carboxylic acid. Lithium aluminum hydride reduction gives 
3~benzyl-1-hydrQxymethyl-5-tetrahydropyranyloxym6thyi-3-azabicyclo[4.1.0]heptane. which can be transformed into 
the desired substituent using the chemistry outlined in Sections XI and VII i. 

57-R^.R^-Disubstituted-3-azabicydo[4.1.01heptanes(XXXin 

Cycloaddition of 5-tetrahydropyranyloxy-1 .3-pentadiene with the benzyl ester of methylenecarbamic acid provides 
1-benzyloxycarbonyl-3-tetrahydropyranyloxymethyl-1,2,3,6-letrahydi'opyridlne. Cyclopropanation with ethyl diazoace- 
tate and rhodium acetate then gives the ethyl ester of 3-benzylQxycarbonyl-5-tetrahydropyranybxymethyl-3-azabicy- 
clo[4,1.0]heptane-7-carbo)cylic acid. Conversion into the desired disubstituted compound can then be carried out as 
described in Section XII. 

5.6- R^.R^-Disubstituted>3>azabicvcfor4.1.01heDtanes fXXXIV> 

Addition of allylamine to ethyl 4-chloroacetoace1ate, followed by protection of the resulting secondary amine as its 
ber^ylQxycarbonyl derivative provides ethyl N-allyl-N-benzyloxycarbonyl-4*amino-3-oxo-butanoic acid. Diazo transfer 
and rhodium-mediated cyclization can then be carried out, as described in Section XXVIil, to provide ethyl 3-benzyk7xy- 
carbonyl-5-oxo-3-azablcydo[4. 1 .0]hep1ar)e-6-carbQxyla1e. Olef ination with (methoxymethyljiriphenylphosphonium 
chloride and base, followed by mild add hydrolysis, tfien gives ethyl 3-benzyloxycarbonyl-5-cartx)xaldehyde-3-azabicy- 
ck>[4.l .0]heptane-6-carboxylate. Oxidation of the aldehyde to a carboxylic acid can be carried out with sodium chlorite 
or tetra-n-butylammonium permanganate. The resulting compound of formula XXXIV, wherein R^ is a cartx)xylic add 
and R^ is an ethyl ester, can be transformed into the desired disubstituted compound using the procedure outlined in 
Section XIL 

6.6-R^.R^^-Disubstituted>3>azabicvclof3.1.01hexanesfXXXVin 

These compounds are derived from methyl tert-butyl 3-benzyloxycarbonyl-3-azabicyclo[3.1.0]hexane-6,6-cOcarbo- 
xylic add, which car>be prepared by cydopropanation of 1-benzyloxycarbonyl-3-pynroline using the method of Ohishi. 
Synthesis. 1980, 690 or Peace and WuHn^n. Synthesis. 1973, 137. Removal of the tert-butyl ester can be effected by 
brief treatment with trifluoroacetic acid: the liberated cartx)xylic add can then be transformed into an amino group by 
the procedure of Baldwin. J. Chem. Soc. Chem. Comnrrua . 1988. 775. The resulting compound of formula XXXVII. 
wherein the 3-substituent'is benzyloxycaitoonyl and the 6-substituents are amino and methoxycaitonyl. can then be 
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protected as its tert-biitoxycartx)nyl derivative; alkylalion of the amine, as in Section Vll, can be carried out to provide 
the N-methyl and N-ethyl derivatives. Reduction of the ester lunctionality ith IHhium borohydrlde gives the primary alco- 
hol, which can be processed as in Section IX to give aminomethyl substituents. 

When at least one oi the 6-substituents is methyl, the carboxyiic acid resulting from deprotection of the tert-butyl 
ester is reduced with diborane. to provide a compound of the formula XXXVll wherein the 3-substituenl is benzyloxy- 
carbonyl and the 6-substituents are hydroxymethyl and methoxycarbonyl. Replacement of the benzyloxycari^onyl group 
by a benzyl group, as in Section XI, is then followed by tosylation of the alcohol. Reduction with lithium aluminum 
hydride yields a compound of formula XXXVll wherein the 3-substituent is benzyt, and the 6-substituents are methyl 
and hydroxymethyl. The hydroxymeth/l group can be transformed into the desired substituent by the methods outlined 
in Section VIII. 

Alternatively, to generate compounds where at least one of the 6-substituents is methyl, methodology of Loozen, J. 
Org. Chem . 1976, 2965 can be employed. Thus, l-benzyloxycarbonyl-S-pyrroIine can be reacted with dibromocarbene. 
to provide 3-ben2yloxycartx)nyl-6.6-dibromo-3-a2abicyclo[3.1.0]hexane. One of the bromines is replaced by methyl, 
using n-butytlithium and methyl iodide. The resulting compound is again subjected to metal-halogen exchange, using 
butyilithium at low temperature, and the anion is quenched with formaldehyde, to provide 3-ben2yl-6-h^rcxymethyl-6- 
metfTyi-3-azabicydo[3.1.0]hexane. Formation of the initial genvdibromocyclopropane can also be effected using phe- 
nyl (tribromomethyl) mercury. The hydroxymethyl group can be transformed into the desired substituent by the methods 
outlined in Section VIII. 

To generate compounds in which both of the 6-sii>stituents are aminomethyl derivatives, methyl tert-butyl 3-ben- 
zyloxycarbonyl-3-azabicyclo[3.l .0]hexane-6.6-dicarboxylic add is once again deprotected with trif luoroacetic add. The 
liberated carboxyiic acid is condensed with amnrwnia, methylamine or ethylamine through the use ot an activating agent 
such as dicydohexylcarbodiimide or carbonyl diimidazole, to form the con'esponding amide. The methyl ester is then 
hydrolyzed to the carboxyiic acid under addic or basic conditions, and a second amide is formed in similar fashion. The 
resulting compound of formula XXXVll wherein both 6-subsb'luents are amides, optionally substituted with a methyl or 
ethyl group, is then transformed from the N-benzyfoxycarbonyl derivative to the N-benzyl compound, as in Section XI. 
Subsequent reduction with lithium aluminum hydride provides the compound bearing two aminomethyl groups at the 6- 
position, which are optionally substituted with a methyl or an ethyl group. Protection as tfie di-tert-butoxycaibonyl deriv- 
ative and removal of the benzyt group by hydrogenolysis provides the compound in a form appropriate lor coupling to 
conrpound II. 

1 .2.6-R^. R^. R^-Trisubstituted-3'azabicyclof3. 1 .Olhexanes (XXXVIII) 

A. R^ is a methyl group. 

These compounds are derived from l-benzytamino-2-butene, available from the reaction of benzylamine with 1- 
bronno-2-butene. Amide fbrnr«tbn with monoethyl malonate, diazo transfer, and cydization using rhocfium acetate can 
be carried out as in Section XXVIII. to provide the ethyl ester of 3-benzyl-6-methyl-2-oxo-3-azabicyclo[3.l.0]hexane-1- 
cartxjxylic add. Reduction with lithium borohydrlde and protection of the resulting hydroxymethyl group as its tefrahy- 
dropyranyt ether provides a compound of the formula XXWIli where is a double bond to oxygen, R^ is a tetrahydro- 
pyranyloxymethyl group, and R^ is a methyl group. Subjection of this compound to methyllithium followed by sodium 
cyanoborohydride. according to the work of Shibagaki. Heterocycles. 1986, 423, gives 3-benzyl-2,6<limethyl-1-tetrahy- 
dropyranyloxymethyl-3-azabicydo[3.1.0]hexane, wherein the 1 -substituent can be elaborated as in Section X, to give 
compounds of the formula XXXVIII where R^ and R^ are methyl groups. 

Alternatively, the amide functionality in the 1-tetrahydropyranyioxyme1hyl compound can be reduced to the car- 
binolamine with sodium bis(2-methoxyethoxy)aluminum hydride (Red-AI) at -78*'C. Methylation of the alcohol function- 
ality with methyl iodide can be followed by displacement with trimethylsilylcyanide to provide a compound of formula 
XXXVIII wherein R^ is cyano. R^ is letrahydropyranyloxymethyl and R^ is methyl. The cyano group can be transformed 
at this point into the desired substituent by the methods outlined in Section VI. The 1 -substituent is converted from the 
tetrahydropyranyloxymethyl substituent by the chemistry described in Section IX or Section X. 

B. is a methyl group. 

Reaction of 3-methyl-1 .4-pentadiene with less than one equivalent of osmium tetroxide provides a diol. which can 
be mono-protected at the primary alcohol to give 2-hydroxy-3-methyl-1 •tetrahydropyranyloxy-4-pentene. Submission of 
this compound to the chemistry described by Takano. Heterocvcles 1989, 1861, yields 1-benzyloxycartx)nyl-3-methyl- 
2-tetrahydropyranyloxymethyl-3-pyn'oline. Cyclopropanation with ethyl diazoacetate under rhodium acetate catalysis 
provides a compound of the formula XXXVlll wherein R^ is tetrahydropyranyloxymethyl. R^ is methyl and R^ is ethoxy- 
carbonyl. Hydrolysis of the ethyl ester under basic conditions provides a carboxyiic add as the 6-substituent; this can 
be transformed into an amine'or an alkylated amine using the chemistry described in Section VIII. Alternatively, the ben- 
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zyloxycarbonyl group can be replaced by a benzyl group, as in Section XI; the ester group can then be converted to an 
(alkyl)aniinomethyl group as in Section Vlll. After protection o1 any amine groups at the 6-position, the tetrahydropyra- 
nyloxynnethyl group can be converted into the desired substituent using the chemistry in Section IX or X. 

When both the 1 - and 6-substituents are nnethyl, the same chemistry can be effected starting with i-benzyloxycar- 
bonyl-2.3<limethyl-3-pyn'Oline. 

C. is a methyl group. 

In this case, the starting material is the tert-butyl ester of 1-benzyloxycarbonyl-2-methyl*3-pynroline-3-carboxylic 
add. obtainable from the chemistry described in Section XII. where tert-butyl crotonate is employed in place of tert-t>tjtyl 
acrylate. Cyclopropanation as above with ethyl diazoacetate provides a compound of the formula XXXVIII \wherein 
is methyl. is tert-butoxycarbonyi. and R^ is ethoxycarbonyl. Trifluoroacetic acid can be used to hydrolyze the tert 
butyl ester; subsequent Curtius rearrangennent with diphenylphosphoryl azide in tert-butanol provides a protected 1- 
amino substituent. which can be alkylated as in Section Vlll if desired. AltematVely. the acid moiety at the 1-position 
can be reduced with diborane to provide a hydroxymethyt substituent. which can be elaborated as in Section Vlll or IX. 
The ethyi ester at the 6-posit'on is then either hydrolyzed under basic conditions and the resulting acid subjected to a 
simitar Curtius rearrangennent and further elaboration, or reduced to the hydroxymethyl group with lithium borohydride. 
The hydroxymethyl group can then be converted into the desired substituent by the chemistry described in Section IX. 

1.6.6>R^:R^.R^-Trisubstituted-3-azabicvclo[3.1.01hexanesfXLn 

A. R^ is a methyl group. 

These compounds can be prepared from 1-benzyloxycarbonyl-3-m6thyl-3-pyrroline by cyclopropanation with tert- 
butyl methyl malonate or its diazo derivative, as outlined in Section XXXVII. The resulting tert-butyl methyl 3-benzyloxy- 
carbonyl-1-methyl-3-azabicyclo[3.1.0]he9(ane-6,6-dicari^xylic add can be further functionalized as described in Sec- 
tion XXXVII. 

B. R^ is a methyl group. 

Compounds of this type are derived from 1 -benzyloxycart>onyl-3-tetrahydropyranyloxymethyl-3-pyrroline. This 
starting material can be preparei from 1 -benzyloxycarbonyt-3-pyrro)idinone by deprotonation with strong base, such as 
lithium hexamethyldlsilazide. followed by quenching with formaldehyde. The free alcohol is protected as Its tetrahydro- 
pyranyl derivative, and the ketone is reduced with sodium borohydride. Dehydration of the resulting alcohol with phos- 
phorus oxychlorole in pyridine gives the requisite starting material. 

Cyclopropanation with ethyl diazoacetate under rhodium acetate catalysis provides the ethyl ester of 3'benzyloxy- 
carbonyl-1-tetrahydroRyranyloxymethyl-3-azabicyclo[3.l.0]hexane-6-carboxylic acid, which can be methylated atthe 6- 
position by deprotonation with strong base sudi as potassium hydride or lithium hexamethyidisilazide. and reaction of 
the derived enolate with methyl iodide. The ester can then be hydrolyzed using sodium hydroxide in methanol, and the 
resulting carboxylic acid functionalized as desired, using the methods described in Sections XI or XXXVIII(c). 

Alternatively, the pyrroline starting material can be cydopropanated as in Section XXXVII. to provide t-butyl methyl 
3-benzyloxycaiix)nyl-1-tetrahydropyranyloxymethyl-3-azabicyclo[3.1.0]hexane-6,6-dicarboxylic acid. This can be proc- 
essed as in Section XXXVII to generate 34)enzyloxycarit)onyl-6-ti^droxymethyl-6-nfiethyl-1-tetrahydropyranyloxym 
3-azabicydo[3.1 .0]hexane. Use of chemistry outlined in Section XI then gives the desired substitution pattern. 

1 .5.6-R^.R^. R^-Trisubstrtuted-3-azablcvdor3.1 .Olhexanes (XLI 1) 

A. R^ is a methyl group. 

1-Bromo-2-tetrahydropyranyk)xymethyl-2-butene can be reacted with benzylamine. and the resulting secondary 
amine condensed with the monoethyl ester of malonic ester, as described in Section XXVlll. Diazo transfer and intramo- 
lecular cydopropanation, as described in Section XXVlll, then provides ethyl 3-benzyl-6-methyl-2-oxo-5-tetrahydro- 
pyranyloxymethyl-3-azabicydo[3.1 .0]hexane-1 -carboxylic add. Lithium aluminum hydride reduction gives a conrpound 
of formula XLII wherein the 1 -substituent is hydroxymethyl, the 5-substituent is tetrahydropyranyloxymethyl. and the 6- 
substituent is m^hyl! This conrpound can be processed into the desired sidechain t>y utilizing the chemistry described 
in Sections XI and Vlll. 
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B. is a methyl group. 

These compounds are derived from 1-chloro-2-methyl-4-tetrahydropyranyloxy-2-butene, whose preparation has 
been described Schmid. Helv. Chim . Acta. 1982, 684. Processing of this compound as in Section A above provides 3- 
benzyl-1-hydroxymethyl-5-methyl-6-t6trahydropyranyloxymethyl-3-azabicyclo(3.1.0lh6xane. This compound can also 
be transformed into the desired sidechain by utilizing the chemistry described in Sections XI and VIII. 

2.4.6- R^.R^Q,R^-Trisubstrtuted-3-azabicvclof3.1 .Olhexanes iXLV) 

A. R^ is a methyl group. 

To prepare compounds of this type. 3-benzyl-6-methyl-3-a2abicyclo[3.1.0]hexane (a preparation for which is out- 
lined in Section VIII) is transfbmied into 3-benzyl-2-cyano-6-methyl-3-a2abicyclo(3.1.0]hexane by the method 
desaibed in Section X. Subsequent hydrolysis of the nitrile under acidic or basic conditions can be followed by lithium 
aluminum hydride reduction and protection of the resulting primary alcohol as its tetrahydropyranyl derivative. Further 
functionalization can be can-led out as in Section XIV to provide the desired substitution pattern. 

B. R^ is a methyl group. 

These compounds are derived from l-benzy!oxycarbonyl-2-methyl-3-|:yrroline. Cydopropanation with ethyl diazo- 
acetate. as described in Section X, can be followed by ester reduction wHh lithium borohydride. and protection of the 
resulting primary alcohol as Its tetrahydropyranyl derivative, to provide 3-benzyIoxycarbonyl-2-methyl-6-tetrahydropyra- 
nylo9cymethyl-3-azabicyclo[3.l.0]hexane. Removal of the benzyloxycarbonyl group by hydrogenol^is can then be fbl* 
lowed by the introduction of a cyano group at the 4-position. The 4-cyano-2-methyl-6-tetrahydropyranyloxynr>ethyl-3- 
azabicyclo[3.1.0]hexane obtained In this way can then be converted to the desired trisubstituted 3-azabicy- 
clo[3.1.0]hexane by the methods outlined In Section X. 

1,2.7>R^.R^.R^-Trisubstrtuted-3-azabicvclor4.1.01heDtanes fXLVn 

A. R' is a methyl group. 

Reaction of benzylamine with 5-bromopent-2-ene gives 5-benzylamino-2-pentene, which can be condensed with 
the haH-ester of malonic add. as described In Section XXVIlt. Subsequent diazo transfer and cydoackjition. according 
to Section XXVIII, provides ethyl 3-benzyloxycarbonyi-7-methyl-2-oxo-3-azabicyclo[4.1.0]heptane-1-cariaoxylate. 
Processing of this compound as in Section XXXVIII provides the desired trisubstituted compound. 

B. R^ is a methyl group 

Cycloadditlon of the benzyl ester of methyl enecarbamic acid with 3-methyl-5-tetrahydropyranytoxy-l,3-pentadiene 
yields 1'benzyloxycarbonyl-3-methyl-2-tetrahydropyranyloxymethyl-1,2,5,6'tetrahydropyridine. Cydopropanation with 
ethyl diazoacetate, as descrlbad above, then provides a compound of formula XLVI, where R^ is an ethyl ester. R^ Is 
methyl, and R^ Is tetrahydropyranyloxymethyl. This compound can be transformed into the desired trisubstituted 
sidechain using methodology desaibed in Section XI. 

C. R"^ is a methyl group. 

Cycloaddition of the benzyl ester ot methylenecarbamic acid with 3-tetrahydropyranyloxymethyl-1,3-pentadlene 
provides 1 *enzyloxycarbonyl-2-me1hyl-3-tetrahydropyranyloxym6thyl-1 .2.5.6-tetrahydro^ Cydopropanation 
with ethyl diazoacetate gives a compound of formula XLVI, wherein R^ is an ethy! ester group, R^ is tetrahydropyrany- 
loxymethyl. and R* is methyl. Chemistry described in Section XII can be used to transform this compound Into the 
desired sidechain. 

2.7.7- R*.R^R^^-Trisubstltuted-3'azabicvciof4.1 .Olheotanes (L) 
A. R^ is a methyl group.' 

Cycloadditlon of the benzyl ester of methylenecarbamic acid with 1 .3-pentadiene provides 1 -benzyloxycarbonyl-2- 
methyl-1,2,5,6-tetrahydropyrld|jne. Cydopropanation with tert-butyl methyl malonate or Hs diazo derlvativd, as outlined 
in Section XXXVI t, then gives a compound of formula L wherein R^ is a methyl group, R^ is a methyl ester group and 
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R^^ is a tert-butyi ester group. Chemistry outlined in Section XXXVII is then used to cx>nvert this cx>mpound. 
B. is a methyl group. 

Reaction of 1-benzyloxycart)onyl-2-letrahydropyranyloxy methyl- 1. 2, 5.6-telrahydropyridine with bromoform under 
basic conditions, as in Section XXXVII. gives 3-benzyloxycartx)nyl-7,7-dibromo-2-tetrahydropyranyloxymethyl-3-a2abi- 
cyclo[4. 1 .0]heptane. which can be lurther converted into the desired compound by applying methods desaibed in Sec- 
tion XXXVII. 

1 .6.7-R^.R^.R^-Trisubstrtuted-3-azabicvclor4.1 .Olheotanes (LVIII) 

A. is a methyl group. 

Addition of benzylamine to 1 -tetrahydropyranyloxy-3-buten-2-one. followed by Witting olef ination of the ketone with 
ethylidene triphenylphosphorane, provictes 5-benzylamino-3-tetrahydropyranyloxymethyl-2-pentene. Amide formation 
with monoethyl malonate. followed by diazo transfer and rhodiunvcatalyzed cycloaddition. can be carried out as 
describ«l in Section XXVIII to provide the ethyl ester of 3-benzyI-7Hfnethyl-2-oxo-6-tetrahydropyranylQxymethyl-3- 
azabicyclo[4.1 .0]heptane-1-carboxylic acid. This compound can be further processed as in Section XXVIII. 

B. is a methyl group. 

Addition of benzylamine to methyl vinyl ketone, followed by Peterson olef ination of the ketone with ethyl 2-trimeth- 
ylsilylacetate and base, gives an unsaturated ester which can be reduced with diisobutylaiuminum hydride. The result- 
ing primary alcohol is protected as its tetrahydropyranyloxy derivative, to give tetrahydropyranyl-protected 5- 
benzy1amino-3-methyl-pent-2-en-1-ol. Amide formation and cycloaddition as described in Section XXVIII then provides 
the ethyl ester of 3-benzyi-6Hiiethyl-2-oxo-7-tetrahydropyranyloxymethyl-3-azabicyck>[4.1.0]heptane-1-^^ acid. 
This can be processed into the desired derivative using chemistry outlined in Section XXVIIl. 

C. R^ is a methyl group. 

Addition of benzylamine 1o 1-tert-butyldimethylsilylQxy-3-buten-2-one, followed by Peterson olef ination of the 
ketone with ethyl 2-trimethylsilytacetate and base, gives an unsaturated ester which can be reduced with diisobutylaiu- 
minum hydride. The resulting prinnary alcohol can be protected as its tetrahydropyranyloxy derivative. Amide formation, 
cycloaddition and lithium aluminum hydride reduction, as described in Section XXVIIl. then gives 3-benzyl-6-tert-butyld- 
imethylsiMoxymethyl-1-hydroxyme1hyl-7-tetrahydropyranyk>xymelhyl-3-azabto^ Reduction of the pri- 

mary alcohol to a methyl group at position 1 can be carried out using the methodology described in Section VI. 
Sut^equent removal of the tert-butyldimethylsilyl protecting group at position 6 can then be effected using tetra-n-butyl 
annmonium fluoride in tetrahydrofuran solution. The resulting 3-benzyl-6-hydroxymethyl-1-methyl-7-t6trahydropyrany- 
loxymethyl-3- azabicyclo[4. 1 .OJheptane can be transformed into the desired compound using the chemistry in Sections 
XIandVIlL 

4.5.7-R^.R^.R^>Trisubstrtuted-3'a2abicvdof4.1 .Olheplanes (LXX) 

A. R^ is a methyl group. 

1 -Benzyloxycarbonyl-1 .6-dihydro-3(2H)-pyridinone can be cyclopropanated wHh ethyl diazoacetate under the influ- 
ence of molybdenum hexacarbonyl, to give the ethyl ester of 3-ben2yloxycarbonyl-5-oxo-3-azabicyclo[4. 1 .0]heptane-7- 
carboxylic add. Treatment of this compound with base, such as lithium hexamethyldisilazide or potassium tert-butoxide. 
fdkswed by methyl iodide, serves to introduce a methyl group at the 4-position. Wittig reaction and further processing 
of this compound as in Section XXXIV delivers the desired trisubstituted compound. 

B. R® is a methyl group. 

Deprotonation of the ethyl ester of 3-benzyloxycarbonyl-5-oxo-3-azabicyclo[4.1 .0]heptane-7-carboxylic add with a 
strong base, such as lithium hexamethyldisilazide or potassium tert-butoxide. followed by quenching of the enolate with 
formaWehyde, gives a primary alcohol which can be protected as its tetrahydropyranytoxy derivative. The resulting ethyl 
3-benzyloxycartx)nyl-5-oxo-4-tetrahydrof^ranyloxymethyl-3-azabicydo[4.1.0]heptane-7-carbo is subjected to 
olefination with base and methyttriphenylphosphonium bromide. Catalytic hydrogenation of the double bond, followed 
by reintroduction of the b^nzyloxycarbonyl group, gives the ethyl ester of 3-benzyloxycartx)nyl-5-methyl-4-tetrahydro- 
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pyranyloxymethyl-3-azabicyclo[4.1 .0]heptane-7-carix)xy!ic acid, which can be further elaborated as in Section XI. 
C. is a methyl group. 

5 1 -Benzyloxycaftx)nyl-5-hydroxy- 1 .2.5.6-tetrahydropy ridine can be transformed into 3-benzyloxycarbonyl-7-bromo- 
7-methyl-5-hydroxy-3-azabicyclo[4.1.0]heptane using methods described in Section XXXVII. Reaction with tri-(n- 
butyl)tin hydride then yields the debrominated compound. Oxidation ot the alcohol to the ketone with pyridinium chloro- 
chromate or a Swern oxidation provides 3-l>en2yloxycarbonyl-7-methyl-5-oxo-3-azabicyclo[4.1.0]heptane. Deprotona- 
tion, quenching with formaldehyde, and protection as the tetrahydropyranyl derivative as described in Section B above. 

10 yields 3-b0izyloxycarboriyl-7-methyl-5K)xo-4-tetrahydropyranyloxymethyl-3-a2abicydo[4.1.O]he^ Transformation 
of the ketone to the honrK>logated carboxytic acid can be effected as described In Section XXXIV. The resulting 3-ben- 
zyIoxycarbonyl-7-methyl-4-tetrahydropyranyloxymelhyl-3-azabicycto[4.1.0]heptan6-5-carl)oxylic add can be converted 
as in Section XI to give the desired substituents. 

The pharmaceutically acceptable add addition salts of compounds (1) are prepared in a conventional manner by 

75 treating a solution or suspension of the free base (I) with about one chemical equivalent of a phamiaceutically accept- 
able acid. Conventional concentration and recrystallization techniques are employed in isolating the salts. Illustrative of 
suitable acids are acetic, lactic, succinic, maleic. tartaric, citric, gluconic ascorbic benzoic, methanesulfonic. p-tolue- 
nesulfonic, cinnamic, fumaric, phosphonic. hydrochloric, hydrobromic, hydroiodic, sulfamic, and sulfonic add. 

The pharmaceutically acceptable cationic salts of compounds (I) may be prepared by conventional methods from 

20 the corresponding adds, e.g. by reaction with about one equimolar amount of a base. These cationic salts do not 
increase the toxicity of the compound toward animal organisms. Exarrples of suitable cationic salts are those of alkali 
metals such as sodium or potassium, alkaline earth metals such as magnesium or caldum. and ammonium or organic 
amines such asdiethanolamine or N-methylglucamine. 

The novel compounds of formula I and the pharmaceutically acceptable acid addition saHs thereof are useful in the 

25 treatment of bacterial infections of broad spectrum, particularly the treatment of gram-positive bacterial strains. 

The compounds of the invention may be administered alone, but will generally be administered in admixture with a 
pharmaceutical carrier selected with regard to the intended route of administration and standard pharmaceutical prac- 
tice. For example, they can be administered orally or in the form of tablets containing such excipients as starch or lac- 
tose, or in capsules either alone or in admixture, with exdpients. or in the form of elixirs or suspensions containing 

30 flavoring or coloring agents. In the case of animals, they are advantageously contained in an animal feed or drinking 
water in a concentration of S-5000 ppm, preferably 25-500 ppm. They can be injected parenterally. for example, intra- 
muscularly, intravenously or subcutaneously. For parenteral administration, they are best used in the fomi of a sterile 
aqueous solution which can contain other solutes, for example, enough salt or glucose to make the solution isotonic. In 
the case of animals, compounds can be administered intramuscularly or subcutaneously at dosage levels of about 0. 1- 

35 50 mg/kg/day, advantageously 0.2-10 mg/kg/day given in a single daily dose or up to 3 divkJed doses. 

The inventk>n also provkles pharmaceutical compositions comprising an antibacterially effective amount of a com- 
pound of the formula (I) together with a pharmaceutically acceptable diluent or can-ier. 

The compounds of the invention can be administered to hunians for the treatment of bacterial diseases by either 
the oral or parenteral routes, and may be administered orally at dosage levels of about 0.1 to 500 mg/kg/day, advanta- 
ge geously 0.5-50 mg/kgAlay given in a single dose or up to 3 divided doses. For intramuscular or intravenous administra- 
tion, dosage levels are about 0. 1 -200 mg/kg/day. advantageously 0.5-50 mg/kg/day While intramuscular adnninistration 
may be a single dose or up to 3 divided doses, intravenous administration can include a continuous drip. Variations will 
necessarily occur depending on the weight and condition of the subject t>eing treated and the particular route of adnnin- 
istration chosen as will be known to those skilled in the art. 

45 The antibacterial activity of the compounds of the invention is shown by testing according to the Steer's replicator 
technique which is a standard 1q bacterial testing method desaibed by E. Steers et al.. Antibiotics and ChenfK)th6r- 
apy, 9. 307(1959). 

The temperatures are in degrees Celsius in the followir^ preparations and examples. 
so Example A 

1. 5-Benzvj-i:3a.4.5.6.6a-hexahvdro-4.6-diQ xopvrrolo [3.4-c]pvrazole-3-cariboxvlic add ethvl ester 

Ethyl diazoacetate (13 g, 1 14 mmd) in dietfiyl ether (100 ml) was added dropwise toa solutkxi of N-benzylmaleim- 
ss kie (1 0 g, 53 mmol] in diethyl ether (250 ml). The resulting mixture was alfowed to stir for 18 hours; the solvent was then 
removed in vacuo, and the resulting resklue partitioned between methylene chloride and water. The organic layer was 
dried over sodium sulfate, fitered and concentrated to provkie the title product as a white solid, nrp 145-146" with 
decompositton (16 g. 53 mmol. 100% yield). ""H NMR (CDCy: 7.31 (m. Shi). 7.02 (bs, 1H). 4.89 (dd. J=11. 2 Hz, 1H), 
4.65 (s, 2H), 4.55 (d, J=10 Hi, 1H), 4.38 (q, J=7 Hz, 2H), 1.37 (t, J=7 Hz. 3H). 
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2. (1a.5a.6a1-3-Benzvl-3-a2abicyclof3.1.0)hexane>2.4-dione'6-cart?oxv!ic acid, ethvl ester 

The title compound of Preparation E.1. (99 g, 0.33 moO was thermolyzed in a ISS'^oiibalh; after1.5 hours, the reac- 
tion was cooled to room temperature and the product recry^allized from diethyl ether to provide the title product as a 
5 white solid, mp 100-101" (31.2 g. 1 14 mol. 35% yield). ""H NMR (CDCI3): 7.29 (s, 5H). 4.50 (s. 2H). 4.17 (q. J=7 Hz. 
2H). 2.86 (d, J«3 Hz. 2H). 2.28 ft J=3 Hz, 1H), 1.26 ft 0-7 Hz. 3H). 

3. ria.5a.6a1-3-Benzvl-6-hvdrDxvmethvl-3-a2abicvclor3.1 .Olhexane 

10 A solution of ethyl 3-benzyl-3-azabicyclo[3.1.0]hdxane-2,4-dione-6-carboxylate (2.73 g. 10 mmol} was added to a 
suspension of lithium aluminum hydride (1 .5 g, 40 mmol) in tetrahydrofuran (250 ml). The resulting mixture was heated 
to reflux for 28 hours. The reaction mixture was quenched with saturated aqueous ammonium chloride (2 ml} and fil- 
tered; the filtrate was concentrated in vacuo to provide the title product as a colorless oil (1 .69 g, 8.3 mmol, 83% yield). 
^H NMR (COas): 7.27 (m. 5H). 3.58 (s. 2H). 3.43 (d. J=7 Hz. 2H). 2.96 (d, J=8 Hz. 2H). 2,35 (bd. J=9 Hz. 2H). 1 .58 (m, 

15 1H), 1.28(s.2H). 

g^amplfi P 

1 . [1a.5a.6a]'6'Hvdroxymethvl>3>azabicvclo[3.1 .0]h6xane 

20 

[1a.5a.6a]-3-Benzyl-6-hydroxymelhyl-3-azabicyclo[3.1 .0]hexane (2.5 g. 12 mmol) was dissolved In methanol (200 
ml), treated with palladium hydroxidd on cartx)n (20% palladium content. 500 mg) and stirred under 1 atmosphere of 
hydrogen lor 4.5 hours. The reaction mixture was filtered, and corKentrated in vacuo: the residue was mixed with ace- 
lonitrile and allowed to crystallize. Filtration provided the title product as an amorphous white solid, mp 98-100'* (1.16 
25 g, 10.2 mmol. 85% yield). ""H NMR (CDCI3): 3.49 (d. J»7 Hz. 2H), 2.98 (d, J=1 1 Hz, 2H), 2.85 (bd. J=12 Hz, 2H), 1.67 
(k>s. 2H), 1.33 (m. 2H), 0.89 (m. 1H). 

2. Iig.5tt.6g]-3-Benzy|qwcai1?QnYl'6-hyclrQxymethyl-3'a?abi^^ 

30 The title compound of Preparation B.1 (1.0 g. 8.8 mmol) was dissolved In dioxane (40 ml) and water (40 ml) and 
treated with sodium bicarbonate (3 g, 36 mmol) and benzyl chlorofbrmate (1.3 ml. 9.1 mmol). After 30 minutes, the 
reaction mixture was extracted with ethyl acetate; the combined organic layers were dried over sodium sulfiate, filtered 
and concentrated to provide the title product as an oil (2.15 g.. 8.7 mmol. 99% yield). "^H NMR (CDCI3): 7.32 (bs. 5H), 
5.08 (s. 2H). 3.65 (m. 2H). 3.46 (m. 4H), 1.45 (m, 2H). 0.91 (m. 1H). 

35 

3. [1a.5a.6a]-3-B^pzy|oxycarbonyt-3-^zabK?yc|QP,rQ]h^ne-6-C^ 

A solution of the title compound of Preparation B.2 (2. 1 g. 8.5 mmol) in acetone (50 ml) was treated dropwise with 
Jones* reagent until an orange color persisted. Isopropanol was then added to quench excess oxidant, and the resulting 
40 mixture was partitioned between water and, mjethylene chloride. The organic layer was dried over sodium sulfate, filtered 
and concentrated to provide the title product as an oil (2.08 g. 8.0 mmol. 94% yield). ^H NMR (CDCI3): 7.32 (bs, 5H), 
5.08 (s. 2H), 3.72 (m, 2H), 3.50 (bs. 2H), 2.13 (bs, 2H), 1.47 (t. J=3 Hz, 1H). 

4. [1«.5a.6a]-3'Benzyloxycarbonyl-6-tert-butoxvcarbonvlamino-3-azabicvclo[3.1.0]hexane 

45 

Diphenylphosphoryl azide (865 ^1, 4 mmol). triethylamine (1.1 ml, 8 mmol) and the title compour^t of Preparation 
B.3. (1.0 g, 3.83 mmol) were dissolved in t-butanol (45 ml) and heated to reflux for 18 hours. The solvent was then 
removed in vacuo, and the residue partitioned t>etween water and ethyl acetate. The combined organic layers were 
dried over sodium sulfate and concentrated to provide a residue wNch was purified by column chromatography (eluant: 
50 40% ethyl acetate in hexane). The title product was obtained as an oil (772 mg. 2.3 mmol. 60% yield). ''H NMR (CDCyr 
7.31 (S, 6H). 5.06 (s. 2H), 4.65 (bs. 1H), 3.70 (m, 2H). 3.46 (m, 2H). 2.26 (bs. 1H), 1.67 (bs. 2H). 1.41 (s. 9H). 

5. ria.5a.6a1-6-ter1-ButQxvcarbonvlamino-3-az'abicvdof3.1.Q1he^ 

55 A solution of thetitle compound of Preparation B.4. (58 mg. 0.1 7 mmol) was treated wHh palladium on carbon (10% 
by weight. 60 mg) and ammonium fomnate (60 mg, 1 mmol) and heated to 65* fori 5 minutes. The reaction mixture was 
then filtered through Super^l and the f Btrate concentrated in vacuo to provide the title product as a solid (28 mg, 0. 1 4 
mmol. 82% yield). ''H NMR (CDCI3): 4.65 (bs. 1H). 3.14 (d, J=12 Hz. 2H). 2.93 (m. 2H). 2.30 (bs. 1H), 1.59 (bs. 2H). 
1.44 (S.9H). 
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Example C 

1 . n a.56.6a1-3-Benzvloxvcait)onvl- 5-hydroxv-3-azabicvc!of4. 1 .Olhentane 

5 A flask containing samarium metal (2.7 g. 18.0 mmol) was llama-dried, then charged with tetrattydrofuran (40 ml). 
A tetrahydrofuran solution (30 ml) o1 mercuric chloride (467 mg, 1 .72 mmol) was added and the mixture was stirred for 
ten minutes. After addition of 1*benzyloxycarbonyl-5-hydroxy-1.2.5.6-tetrahydropyridine. the flask was cooled to •78°C. 
and chloroiodomethane (1 .25 ml. 17.2 mmol) was added dropwise. The mixture was stired at room temperature over- 
night, quenched with saturated aqueous K2CO3 solution, and extracted with ether. The ether layer was washed with 

10 brine, dri«l over MgS04, and concentrated in vacuo to give a yellow oil. This aude material was chromatographed on 
neutral alumina-activity I (eluant: 50% ethyl acetate/h©cane), providing the title conpound as a colorless liquid (750 mg, 
3.0 mmol. 81% yield). 

^HNMR(CDCl3): 7.34 (m,5H), 5.10 (S.2H). 4.21 (bs, 1H), 3.68 (d. Jo13.2 Hz. 1H). 3.59 (dd. J=13.4. 5.2 Hz. 1H), 
3.36 (dd. J=13.9. 4.9 Hz. 1H). 3.16 (dd. J=13.9. 56 Hz. 1H). 1.44 (m. 1H). 1.32 (bm. 1H). 0.65 (m. 1H). 0.49 (q, J=5.2 
/5 Hz. 1H). 

2. ria.5S.6a1-3-Benzvl>5-hvdroxv-3-azabicvclof4.1.01h6Dtan6 

To a solution of the compound of Step 1 (3.5S g. 14.36 mmol) in ethanol (150 ml) was added ammonium formate 
20 (2.71 g, 43.1 mmd), followed by addition of palladium on activated carbon (10% palladium content, 456 mg, 4.3 mmol). 
The mixture was stirred at room temperature for 23 hours, then f atered. The filtrate was concentrated on a rotary evap- 
orator to afford the secondary amine (1.62 g, 14.3 mmol. 100% yield). 

To a solution of the above-mentioned secondary amine in methanol (150 ml) was added benzaldehyde (1.6 ml, 
158 mmd) and acetic acid (0.82 ml, 14 mmol) followed by addition of sodium cyanoborohydride (1.6 g. 14 mmol). The 
25 mixture was stin-ed at room temperature overnight. The resulting solution was treated with HCI until the pH value of the 
solution was about 3. A small amount of gas evolution was observed. The solvent was removed In vacuo, and the res- 
idue was treated with aqueous K2CO3 solution (pH > 10) and extracted with methylene chloride. The organic layer was 
washed with brine, dried over magnesium sulfate and evaporated to give the title compound (2.7 g, 13.3 mmol, 93% 
yield). 

30 ^H NMR (CDCI3): 7.34 (m, 2H), 7.25 (m. 3H). 4.16 (m. 1H), 3.43 (d, J-13.1Hz. IH), 3.36 (d. J-13.1 Hz, 1H). 2.62 
(d. J=10.8Hz. IH). 2.52 (dd. J=1 1.3Hz. 5.3. IH). 2.28 (dd. J=11.8Hz. 4.5. IH). 2.14 (dd. J=1 1.8Hz. 4.6. IH). 1.68 (bs. 
IH), 1.38 (m. IH). 1.24 (m. 1H).0.64 (m. IH). 0.52 (m. IH). 

3. 3-Benzvl-3-azabicvclo[4. 1 .0]heptan-5-one 

35 

To a solution of dimethylsulfoxide (4.8 ml. 68.5 mmd) in methylene chloride (150 ml) at -78*0 was added oxalyl 
chloride (2.9 ml. 34 mmol). After 15 minutes, the compound of Step 2 (3.4 g, 17 mmol) was added slowly at this tem- 
perature. The mixture was stirred at -78'C for 40 ntinutes. To this solution was added triethylamine (14.32 ml. 102.8 
mmol). The stin-ing was continued for an additional 5 minutes and the reaction was allowed to warm to room tempera- 
te ture. The reaction mixture was poured into saturated sodium chloride solution and extracted with methylene chloride. 
The organic layer was washed with brine, dried over magnesium sulfate and evaporated to give the crude material. This 
was purified by silica gel chromatography (eluant: 15% ethyl acetate/hexane). The title compound was obtained as a 
viscous oil (2.23 g. 1 1.1 mmol. 65% yield). 

^H NMR (CDCI3): 7.32-7.21 (m, 5H). 3.50 (d, J=13.2 Hz, IH). 3.42 (d, J=13.2 Hz, IH). 3.26 (d. Jol8.5 Hz, IH). 3.09 
45 (d. J=11.1 Hz. IH). 2.58 (d. J=18.5 Hz. IH). 2.45 (dd. J=11.1. 1.3 Hz. IH). 1.92 (q. J=4.6 Hz, IH). 1.79 (m. IH). 1.69 
(m. IH). 1.06(m. IH). 

4. 3-BiBnzvl-3-azabicvclor4. 1 .Olheotan-S-one oxime 

so A solution of the compound of step 3 (2.23 g. 1 1 .1 mmd) and hydroxylamlne hydrochloride (1 .0 g. 14.4 mmd) in 
80% ethand (1 1 0 ml) was stirred at reflux for 30 minutes. The solvent was removed in vacuo , and the residue was taken 
up in ether. The organic layer was washed with brine, dried over magnesium sulfate and evaporated to give 3-benzyl- 
3-azabicydo[4.1.0]heptan-5-one oxime as a viscous yellow dl (2.28 g. 10.6 mmol. 95% yield). 

^H NMR (CDCI3, mixture of two isomers): 8.75 (br m. 2H), 7.34-7.1 7 (m. 10H), 3.77 (d, J»l 7.8 Hz, 1 H), 3.47 (2 dou- 

65 blets. J=13.2 Hz. 2H). 3.46 (2 doublets. J=13.2 Hz, 2H). 3.43 (m, 1 H). 3.15 (d. J=14.0 Hz. 1 H). 2.96 (d. J=1 1 .0 Hz. 1 H). 
2.73 (d. J=17.8 Hz, IH). 2.67 (d, J=14.0 Hz. IH), 2.47 (dd. J=11.0. 3.6 Hz. 1H), 2.31 (d, J-II.O Hz, 1H). 2.17 (m. IH), 
1.71 (m. IH). 1.43 (m. 2H), 1.36 (m. IH). 1.05 (m, 1H). 0.99 (m. IH), 0.76 (m. IH). 
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5. fl«.5a.6a1-3-Benzvl-5-ftert-butoxv(art)onvilarTiino-3-azabicvdof4.1.01h^ 

To a solution of the compound o1 step 4 (2.28 g, 1 0.6 mntol) in tetrahydrofuran (50 ml) was added a solution of lith- 
ium aluminum hydride in tetrahydrofuran (60.6 mmol). The mixture was heated to reflux for 2 hours and» after being 
5 cooled to room temperature, was quenched with ethyl acetate (1 1 .6 ml) followed by water (2 ml), aqueous NaOH (1 5% 
solution, 6.9 ml) and water (6.9 ml). The resulting precipitate was removed by filtration; the filtrate was diluted with sat- 
urated aqueous sodium bicarbonate arxi extracted with chloroform. The organic layer was washed with brine, dried over 
magnesium sulfate and evaporated to give the title compound as a viscous yellow oil (1.95 g, 9.65 mmol, 91% yield). 
This was carried on to the title compound without purification, ^ one of two routes: 

10 

a) Yia dl-t-butyl dicaibonate and trielhylamine. 

To a solution of 3-ben2yl-5-amino-3-azabicyclo[4.1 .0]heptane (1 .95 g, 9.6 mmol) and di-t-butyl dicartjonate (2.3 g. 

1 0.5 mmol) in dioxane (90 ml) and water (1 0 ml) was added triethylamine (1 .6 ml. 11 .5 mmol). The mixture was stirred 
15 at room temperature tor 5 hours, diluted with saturated sodium bicarbonate and extracted with methylene chloride. The 

organic layer was washed with brine, dried over magnesium sulfate and evaporated to give a yellow oil. This oil was 

chromatographed on silica gel (eluant: 30% ethyl acetate/hexane) to afford the title compound (1.3 g. 4.3 mmol, 45% 

yield) from the fraction with high R| value (R| 0.82, 30% ethyl acetateAiexane). The fraction with low R| value (R| 0.68. 

30% ethyl acetate/hexane) provided the [1a,5p,6a] isomer (0.56 g. 1.85 mmol, 19% yield). 
20 NMR for title compound (CDCI3): 7.31-7.19 (m. 5H), 5.24 (d. J=8.1 Hz. 1H), 3.92 (bs. 1H), 3.38 (d, J0I3.2 Hz. 

1H). 3.31 (d. J=13.2 Hz. 1H). 2.95 (dd. J=11.2. 7.6 Hz, 1H), 2.31 (d. J=11.9 Hz. 1H), 2.13 (m. 2H). 1.41 (s. 9H). 1.09 

(m. 1H). 0.95 (m. 1H), 0.63 (m. 1H). 0.26 (m. 1H). 

^H NMR for (1a,5R6a] isomer (CDCI3): 7.30-7.20 (m, 5H), 4.70 (bd, 1H), 4.10 (m. 1H), 3.42 (d, J=13.1 Hz, 1H), 

3.34 (d. J=13.1 Hz, 1H). 2.61 (m. 1H). 2.51 (m, 1H). 2.31 (dd, J=1 1.9. 4.9 Hz, 1H), 2.1 1 (dd. J=11.9. 3.5 Hz, 1H). 1.40 
25 (s, 9H), 1.31 (m, 1H), 1.17 (m, 1H). 0.47 (m, 2H). 

b) Via di-t-butyl dicaibonate and sodium hydroxide. 

To a solution of 3-benzyl-5-amino-3-azabicyclo[4.1 .OJheptane (518 vng, 2.56 mmol) and di-t-butyl dicarbonate (671 
30 mg, 3.58 mmol) in dioxane (15 ml) was added powdered sodium hydroxide (143 mg) followed by addition of water (5 
ml). The mixture was stirred for 1 hour, diluted with water and extracted with ether. The ether layer was washed with 
brine, dried over nfvagnesium sulfate and evaporated to give an off-white solid, which was chromatographed on silica gel 
(eluant 30% ethyl acetate/hexane) to afford the title conrpound as a white solid (187 mg. 0.619 mmol, 24% yield), the 
[la.5p.6a] isomer of the title product (144 mg, 0.477 mmol, 19% yield), and a mixture of the title compound and its iso- 
35 mer (263 mg, 0.87 mmol. 34% yield). 

6. [1a.5a.6a1-5-ftert-Butoxycarbonvr)amino-3-azabicvclof4.1.01heptane 

To a solution of the title compound of step 5 (1.3 g, 4.3 mmol) in ethanol (50 ml) was added ammonium formate 
40 (0.81 g, 12.9 mmol) followed by palladium on activated carbon (10% palladium content, 0.136 g, 1.29 mmol). The mix- 
ture was stirred at room temperature for 2 hours, and then f Htered. The liltrate was concentrated rn vacuo to afford the 
title conpound as a whrte solid (830 mg, 3.9 mmol, 91% yield). 

"■h NMR (CD3OD): 3.60 (m. 1H) 3.10 (dd, J=13.1. 57 Hz, 1H). 2.83 (d. J=13.1 Hz. 1H). 2.61 (dd. J=13.1. 4.7 Hz, 
1H), 2.27 (dd. J=13.1. 7.1 Hz, 1H). 1.43 (s. 9H), 0.99 (m, 1H), 0.89 (m. 1H). 0.69 (m. 1H), 0.30 (q, J=5.4 Hz, 1H). 

46 

1.^Q5B■6«^S-^t6rt^ButoxvcarfoQnvl^aminc^3-azablcvdor4■1^ 

50 To a solution of [1a.5p.6a]-3-b6nzyl-5-(tert-butoxycart>onyl)amlno-3-azabicycIo[4.1. OJheptane. obtained as the 
minor isomer from Preparation 0.5, (800 mg, 2.64 mmol) in ethanol (50 ml) was added ammonium lonnate (500 mg, 
7.92 mmol) followed by palladium on activated carbon (10% palladium con1ent,-837 mg, 0:79 mmoQ- The mixture was 
stinred at room temperature for 1 .5 hours, then filtered. The filtrate was concentrated in vacuo to afford 570 mg of the 
title compound as a waxy yellow solid (570 mg, > 1 00% weight recovery). 

55 ^H NMR (CDCfe): 4.80 (bm. IH). 4.01 (m. 1H). 3.11 (m. 2H). 2.85 (m. 2H). 2.33 (m. 1H). 1.42 (s. 9H). 1.33 (m. 1H). 
1 . 1 9 (m. 1 H). 0.57 (m. 1 H), 0.45 (m, 1 H). 
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Eyampie E 

1. ria.6c7a1-3-Benzvioxvcarborwl>3-azabicvcb r4.1.01heDtane-7-catboxvlic acid, ethvl ester 

5 A solution 01 benzyl 1,2.5.e-letrahydropyrldine-1-carboxylate (20 g. 92 mmol) in methylene chloride (92 nil) was 
treated with rhodium acetate (1.2 g, 5.5 mmol). A solution of ethyl diazoacetate (31 .5 g, 276 mmol) in methylene cHo- 
ride (8.6 ml) was then added over 22 hours, yja syringe pump. After conpletion of the addition, the reaction mixture was 
filtered through cellte; concentration of the filtrate provided the title compound, which was used in step 2 without purifi- 
cation. 

10 NMR (CDQa): 7.32-7.23 (m. 5H). 5.09 (s. 2H). 4:08) (q. J=7.3Hz. 2H). 3.96 (d. J=13.8 Hz. 1 H). 3.55 (dd. J=13.8. 

4.1 Hz. 1H). 3.45 (bm. 1H).3.01 (m. 1H), 1.96(m. 1H), 1 .78-1 .66 (bm, 3H), 1 .45 (t. J«4,3Hz. 1H). 1.23(t, J«7.3 Hz, 3H). 

2. ria.6g7a1-3-Benzvloxvcarbonvl-3-azabicvctof4.1.01heDtane-7K;aiboxy^ acid 

IS The titfe compound of step 1 was dissolved in aqueous dioxane (20% by volume, 200 ml). Powdered sodium 
hydroxide (38 g) was added, and the mixture was stirred at eS'^C overnight. After being cooled to room temperature, the 
solution was extracted with ether. The aqueous layer was acidified with sodium bisulfate to a pH of 2 and extracted with 
methylene chloride. The methylene chloride layers were washed with brine, dried over magnesium sulfate and concen- 
trated to afford the title compound (13.09 g. 47.5 mmol. crude). This material was utilized in tfie next reaction step with- 

20 out purification. 

^H NMR (CDCI3): 7.32-7.23 (m. 5H). 5.09 (s. 2H). 3.96 (d. J=13.8 Hz. 1H), 3.76 (m, 1H), 3.56 (dd. J=13.8. 3.9 Hz. 
1 H). 3.47 (m. 1 H). 3.02 (m. 2H). 1 .96 (m. 1 H). 1 .75 (m. 1 H), 1 .46 (t, J=3.9 Hz. 1 H). 

3. f1a.6a.7a1-3-BenzvlQxvcarbQnvl-7-ftert-but QxvcarbQnyl>amino-3-azabicvdof4.1.Q]h^ 

25 

A mixture of the compound of step 2 (13.09 g, 47.5 nnmol) and trietfiylamine (7.28 ml. 52.2 mmol) in acetone (150 
ml) was cooled to C^C; ethyl chloroformate (5.4 ml, 57.0 mmd) was added dropwise. The mixture was stin-ed at 0^*0 for 
30 minutes. A solution of sodium azide (30.85 g. 475 mmoO in water (70 ml) was then added slowly. After an additional 
2 hours, the mixture was diluted with water and extracted with ether. The ether layer was washed with brine, dried over 
30 magnesium sulfate and concentrated in vacuo to give the acyl azide (7.90 g, 26.3 mmol, crude) which was used directly 
in the next reaction. 

A solution of the acyl azide in toluene (150 ml) was added dropwise to a toluene solution (150 ml) of t-butanol (30 
ml) and pyridinium tosylale (9 mg) at lOO'C. After completion of ttie addition, ttie reaction mixture was maintained at 
lOO^'C for 12 hours. The reaclton mixture was concentrated in vacuo, and the residue was chromatographed on silica 
3S gel (eluant: 20% etiiyl acetate/hexane), providing the titie compound as a viscous yellow oil, (2.4 g, 6.9 mmol, 7.5% 
yield from benzyl 1.2.5.6-t6trahydropyridine-1-carboxylate). 

^H NMR (CDCI3): 7.31 (m, 5H). 5.08 (s, 2H), 4.72 (bs, 1H), 3.88 (bd, J=13.5 Hz, 1H), 3.62 (bm, 1H). 3.32 (bm, 1H), 
3.00 (bm, 1H). 2.27 (bm. 1H). 1.94 (m. 1H). 1.77 (m. 1H). 1.41 (s.9H). 1.19 (m. 2H). 

^ 4. f1a.6<x.7ft1-7-/ter1-ButoxvcarbQnvf^ami nQ-3-azabicvdor4.1 Qlheptane 

To a solution of the compound of step 3 (2.3 g, 6.6 mmol) in ethanol (100 ml) was added ammonium formate (1 .24 
g. 19.8 mmol) followed by palladium on activated carbon (10% palladium content. 2.09 g. 1.9 mmol). The mixture was 
stin-ed at 60*C for 1 hour and then at room temperature overnight. The reaction mixture was filtered, and the filtrate was 
45 concentrated in vacuo to afford the titie compound as a viscous, pale yellow oil (1.38 g. 6.51 mmol. 91% yield). 

^H NMR {CD3OD): 3.20 (dd. J=13.2. 5.8 Hz. 1H). 2.97 (dd. J=13.2. 1.5 Hz, 1H). 2.45 (m. 1H), 2.43 (m. 1H). 2.33 
(m, 1H), 1.92 (m, 1H). 1.72 (m, 1H), 1.43 (s, 9H), 1.11 (m. 1H), 1.03 (m, 1H). 

The following exannples illustrate the invention. 

so Example 1 

A. 7-ff1«.5 tt.6ft1-6'tert-ButQxvcarbonvlamino>3-azabicvcld3.l.01hBx-3-yn-6-fluQ 
4-QxQ-1.8-naphthvridln6-3-caiboxvlicacid. ethvl ester 

5B A solution of [1a,5d.6a]-6-ten-butoxycarbonylamino-3-azabicyclo[3. 1 .OJhexane (200 mg. 1 .01 mnnol) in acetonitrile 
(35 ml) and triethylamine (5 ml) was ti-eated with the ethyl ester of 7^loro-6-fluoro-H2,4-difluorophenyl)-1 ,4-dihydro- 
4-0X0-1. 8-naphthyridine-3-cart>oxylic acid (385 mg. 1.01 mmol) and heated to 90** for 18 hours. Removal of solvent ia 
vapuo gave a residue which was partitioned between ethyl acetate and water. The organic layer was treated with acti- 
vated charcoal, filtered, and' concentrated; the residue was then subjected to column chromatography (eluant: 5% 
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methanol in chloroform). The material thus obtained was recrystallLzed from diethyl ether to give the title product m.p. 
256-258*, (296 mg, 0.54 mmol, 54% yield). NMR (CDCI3): 8.35 (s. 1H), 8.06 (d, J«-13 Hz, 1H), 7.37 (m, 1H). 7.05 
(m. 2H). 4.72 (vbs. 1H), 4.37 (q, J=7 Hz. 2H). 3.81 (vbs. 2H), 3.55 (bm. 2H). 2.26 (bs. 1H). 1.78 (bs. 2H), 1.43 (s. 9H). 
1.38 (t, J=7 Hz. 2H), 

B. 7-fri a.5a.6al-6-Amino-3-a2abicvclof3. 1 .0V3-vl V6-fluoro-1 -f2.4-dHluorophenvn-1 .4<lihvdrD'4'QX0-1 .8-naphthyrid- 
ine-3-carboxvlic add, hydrochloride salt 

The title compound of Example 1 .A (250 mg. 0.46 mmol) was dissolved in hydrochloric acid (6N, 20ml) and heated 
to reflux for 24 hours. The solvent was then removed in vacuo, and the residue trituratad with acetonHrile. washed with 
diethyl ether and recrystallized from acetonrtrile-methanol. The title product was obtained as a pale yellow solid, mp 
246^ with decomposition (116 mg. 0.26 mmol. 57% yield). ^H NMR (Methanol ^14): 8.68 (s, 1H). 7.96 (d. J=13 Hz. 1 H). 
7.57 (m. 1H). 7.22 (m, 1H). 7.14 (m. 1H), 3.82 (vbs. 2H). 3.62 (vbs. 2H). 2.37 (bs. 1H), 2.03 (bs. 2H). 

Example 2 

A. 7-( 1 -tert-Butoxvcart>onylamino-3-azabicvclof4. 1 .01hept-3-vlV6-f luoro-1 •(2.4-dHluQrophenvn-l .4'dihvdro-4-oxo-1 .8- 
naDhthvridine'3-carbQxylic acid, ethvl ester 

A solution off l-ter1-butoxycaibonylamino-3-azabicyclo[4.1 .0]heptane (200 mg, 0.94 mmol) and the ethyl ester of 7- 
chloro-6-fluoro-1-(2.4<Jifluorophenyl)-1,4<lihydro-4-oxo-1.8-naphthyridine'3-carboxylr^ acid (327 mg. 0.85 mmol) In 
acetonitrile (12 ml) was heated at reflux for 3 hours. Solvent was removed in vacuo , and the residue was chromato- 
graphed on silica gel (eluant: 50% ethyl acetate/hexane) to afford the title product as an off-white solid (423 mg, 0.758 
mmol. 88% yield). 

^H NMR (CDCI3): 8.33 (s, 1H), a02 (d. J«13 Hz. 1H), 7.33 (m. 1H). 7.01 (m. 2H). 4.83 (bs, 1H). 4.35 (g, J=7 Hz. 
2H). 4.11 (bd. J=13 Hz. 1H). 3.52 (bm. 2H). 3.09 (bm. 1H). 1.99 (bm. 1H). 1.58 (bm. 1H). 1.40 (s. 9H). 1.35 (t, J=7 Hz. 
3H), 0.78 (dd. J=12.6 Hz. 1H), 0.42 (1. J=4 Hz, 1H). 

B. 7-(1-Amino-3-azabicvclor4. 1 .01hept-3-vl)-6-ffluoro-1 -(2.4-dif luoroohenvIM ■4-dihvdro-4-oxo>1 .S-naohthvridine-S-car- 
boxvlic acid, hydrochloride salt 

A solution of the compound of step A (300 mg, 0.54 mmol) in ethyl acetate (6 mQ and 3N hydrochloric acid (6 ml) 
was heated to reflux overnight. Solvents were removed in vacuo, and the residue was recrystallized from methanol-ace- 
tonitrile to give the title product as a while solid, mp 192^0 (decomp.) (1 55.5 mg. 0.338 mmol. 62% yield). 

^H NMR (DMSO-de): 8.86 (s. 1H). 8.16 (d, J-13.7 Hz. 1H). 7.80 (m. 1H). 7.60 (m. 1H). 7.34 (m. 1H). 4.04 (dd. 
J=13.8, 8.2 Hz. 1H).3.87(dd, J=13.8. 9.2 Hz. 1H).3.40(m. 1H).3.18(m. 1H). 1.97(m. 1H). 1.46 (m.2H). 1.10(m. 1H). 
0.64 (m, 1H). 

Example 3 

A. 7-f 1 -tert>ButoxvcarbonvlaminQ-3-azabicvdor4. 1 .Q1hetrt-3^1V1 >cvdopropvi-6-ffluQro-1 ■4<lthvdro-4-oxQ<minollne-3- 
carboxylic acid 

According to the procedure of Example 2A, l-tert-butoxycarbonylamino-3-azabicycloI4.l.0]heptane (270.0 mg. 
1.27 mmol) and 1-cycIopropy!-67<Jlfluoro-1,4-dihydro-4-oxo-quinoline-3-carbQxyllc acid (275.6 mg. 1.03 mmol) were 
reacted to generate the title compound (304.2 mg, 0.666 mmol. 65%). 

^H NMR {CDCI3): 8.70 (s. 1H). 7,93 (d, J-13.3 Hz, 1H), 7.28 (m, 1H), 5.03 (bs, 1H), 3.82 (m, 1H), 3.46 (m, 3H), 
3. 1 9 (bm. 1 H). 2 .24 (bm. 1 H). 1 .93 (bm. 1 H). 1 .63 (bm. 1 H). 1 .43 (s. 9H), 1 .37 (m. 2H). 1 . 1 6 (bs, 2H). 0.94 (dd. J=9.7. 
5.5 Hz, 1H), 0.80 (t. J=6.0 Hz, 1H). 

B. 7>(1-Amino-3-azabicvck>f4.1 .01hept-3-vn'1-cvdoDropyl-€-fluoro-1.4Kjihydro-4-oxo<iu acid. 
hvdrochloride salt 

According to the procedure of Example 2B, the compound of Step A (287.2 mg, 0.63 mmol) was converted with 
hydrochloric acid to provide the title connpound. mp 235''C (152.4 mg. 0.387 mmol. 62% yield). 
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Example 4 

A. 7-(1>tertButoxvQaibonv1amino-3-azabicydor4.1.01heDt-3-vnB-1luoro-1-(2.4-difii^^ 

iine-a-carboxYlic ac'd. ether gster 

According to the procedure of Example 2A, l-tert-butoxycarbonyfamino-3-azabicyclo[4.1.0]heptane (270.0 mg, 
1 .27 mmol) and 6,7 difluoro-1 -(2,4-dff luorophenyl)-1 .4<fihydro-4-oxo-qujnoline-3-carboxylic acid, ethyl ester (463.6 mg, 
1.27 mmol) were reacted to generate the tile compound (333.3 mg. 0.59 mmol, 47% yield). 

NMR (CDQg): 8.24 (s. 1 H), 7.92 (d, J=14 Hz, 1H). 7.54 (m. 1H). 7.13 (m. 2H). 6.03 (m. 1H). 4.99 (bs, 1H). 4.31 
(q. J=7 Hz. 2H). 3.46 (m. 1 H). 3.14 (m. 2H), 2.86 (m. 1H). 2,09 (bm. 1H), 1.77 (m. 1H). 1.38 (m. 13H). 0.84 (dd, J=9. 6 
Hz, 1H), 0.71 (m, 1H). 

B. 7 (1 •Amino-3-azabicvclor4.1.01heDt-3-vlV6-tiuoro-1-f2.4-dHluorophenvlV1.4Kjih^ 
acid, hydrochloride salt 

According to the procedure of Example 2B, the compound of Step A (333.3 mg, 0.59 mmol) was converted with 
hydrochloric acid to provide the title product, mp 223^C (decomp), (128.5 mg, 0.276 mmol. 47% yield). 

^H NMR (DMSO-ds): 8.84 (s. 1H). 7.98 (d, J=13.5 Hz. 1H), 7.93 (m, 1H), 7.75 (m, 1 H), 7.46 (m. 1H), 6.22 (d, J-7.3 
Hz. 1H). 3.62 (d. J=12.3 Hz. 1H). 3.40 (dd. J=12.3. 3 Hz. 1H). 3.15 (m. 1H), 2.93 (m. 1H). 2.10 (m. 1H). 1.63 (m. 1H). 
1.52 (m. 1H), 1.14(dd, Jo10.4. 5.7H2. 1H), 0.71 (m, 1H). 

Example 5 

A. 7-{f1a.5a.6a1-Stert>Butoxvcarbonvlamino-3-a2abicyc tof4.1.01heot-3-vl)-6-fluofQ-1-(^ 
4-oxo>l.8-naphthvridine-3-cart)oxvlic acid, elhvl ester 

According to the procedure of Example 2A, [1a.5a,6a]-5-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heplane 
(122 mg, 0.57 mmol) and the ethyl ester of 7-chloro-6-fluoro-1-(2,4Hdifluorophenyl)-1,4-dihydro-4-oxo-1,8-napNhyri 
ir>e-3-carboxylic add (218 mg, 0.57 mmol) were reacted to generate the title product (205 mg. 0.367 mnrwi. 64% yield). 

^H NMR (CDCI3): 8.36 (sJH), 8.09 (d. J-13.8 Hz, 1H). 7.37 (m, 1H), 7.05 (m. 2H). 4.75 (m. 1H), 4.36 (q. J«7 Hz. 
2H). 3.87 (m. 2H). 3.46 (m. 2H). 3.20 (m. 1H). 1.43 (s. 9H), 1.36 (t. J=7 Hz. 3H). 1.08 (m. 2H). 0.73 (m. 1H). 0.24 (m. 
1H). 

B. 7-(rifl.5a.6fl]-5-AmiriO'3-azabicvclof4.1.01hept-3-vi)-6-fluofo-W2.4-d^^^ 
ridlne-3-cait)oxvlic acid, hydrochloride saH 

According to the procedure 0I Example 2B. the compound of Step A (155 mg, 0.27 mmol) was converted with 
hydrochloric acid to provide the title product mp 200-210'C (decomp) (50.1 mg. 0.1 1 mmol, 40% yield). 

^H NMR (D2O): 8.83 (bs. 1H), 7.88 (bm. 1H), 7.60 (bm. 1H). 7.29 (bm. 2H). 3.9-3.6 (m. 5H). 1.38 (bm. 1H). 1.24 
(bm, 1H), 0.92 (bm. 1H), 0,42 (bm, 1H). 

Example 6 

A. 7'(ria.5a.6a1>5-tert-B utoxvcarbQnyiaminO'3-azabicvclof4.1.01hept-3-vl)-1-cvdoproDVI-6^ 
1 .8-naphttTvridine-3-carbQxy lic add, ethvl ester 

According to the procedure of Example 2A, [1a,5a,6a]-5-tert-t»utoxycartx>nylamino-3-azabicycloI4.1.0]heptane 
(150 mg, 0.7 mmol) and the ethyl ester of 7-chloro-1-cyclopropyl-6-fluoro-1.4-dihydro-4-oxo-1.8-naphthyridine-3-car- 
boxylic acid (21 7.3 mg. 0.7 mmol) were reacted to generate the title product (230 mg, 0.47 mmol» 67% yield). 

^HNMR(CDCl3): 8.47 (s. 1H).8.06(d. J=13.2 Hz. 1H)5.33(bs. 1 H). 4.35 (q, J=7.3 Hz. 2H). 4.20 (m. 1H). 4.11 (m. 
1 H). 3.79 (m, 2H). 3.55-3.35 (m. 2H), 1 .41 (s. 9H). 1 .37 (t, J=7.3 Hz. 3H), 1 .21 (m, 4H), 0.98 (m, 2H). 0.81 (m. 1 H). 0.34 
(m, 1H). 

B. 7'(ria.5a.6a1>5-Amino-3>azabicvclQ(4.1 .01hept-3-vlM-cvcloproDVl-6-fluoro-1 .4^ihvdro-4-axo-1 .8-naphthvridine-3' 
cartaoxvlic acid, mesylate salt 

According to the procedure 0I Exarrple 2B. the compound of Step A (220 mg, 0.45 mmol) was converted with 
methanesuifbnic add In dtoxane (1 5 ml) and water (1 5 ml) to provkJe the title compound, nnp > 260^'C (1 53.8 mg. 0.339 
mmol. 75% yield). 
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^HNMR(D20): 8.58 (s, 1H), 7.72 (d, J=12.6 Hz, 1H), 4.33 (bm, 1H), 4.08-3.84 (m, 6H), 2.81 (s, 3H), 1.55 (m, 1H). 
1-33 (bs, 3H), 1.07 (bs, 3H), 0.60 (bs, 1H). 

Example 7 

A. 7-f[1 a.5a.6a1-5-ter1-Butoxvcarbonvlamin<>-3-a2abicydof4.1.Qlhept-3-vl)-1 K;y^^ .4<iihvdro-4-oxo- 
quinoline-S-carboxvlic acid 

According to ihe procedure o1 Example 2A. [1a.5a.6a]-5-terl-buloxycarbonylamino-3-azabicyclo[4.1.0]hGptane 
(187.8 mg. 0.88 mmol) and 1-cyclopropyl-6.7<lifluoro-1.4<lihydro-4-oxo-quinolin6-3-carbQxylic acid (210 mg, 0.79 
mmol) were reacted 1o generate the title product, mp 167*0 (1 95 mg, 0.426 mmol, 48% yield). 

B. 7-fria.5a.6al-5-Amino>3-a2abicvdor 4.1.01heot-3-vn-Vcvdoiya>Yl-64luorD-1.4 
lie add, hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (195 mg, 0.43 mmol) was converted with 
hydrochloric add to provide the title product, mp 210°C (decomp.) (1 13.4 mg. 0.289 mmd. 67% yield). 

NMR (D2O): 8.53 (bs. 1H). 7.47 (m, 2H). 4.00 (bs, 1H), 3.88 (m. 1H), 3.68-3.40 (m. 3H), 3.21 (m. 1H). 1.62 (m. 
1H). 1.44 (m, 2H). 1.37 (m. 1H). 1.18 (m. 2H). 1.09 (m, 1H). 0.73 (m. 1H). 

Ex^pfipleS 

A. 7-ff 1«.5a.6aV54ert-ButoxvcarbonYlamino-3>azabicvdof4.1.0]hept-3>vlVl •cydopropyl-e.S-difluoro-l .4-dihvdro-4- 

QXQ-qMinftline-9-fflrtx>xyli<r agM 

According to the procedure of Example 2A, [1a.5a, 6a]-5-tert-butoxycait>onylamino-3-azabicyclo[4.1.0]heptane 
(200 mg, 0.94 mmol) and 1-cydopropyl-6,7,8-tri1luoro-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid (313 mg. 0.94 
mmol) were reacted to generate the title product (290 mg, 0.61 mmol, 65% yieid). 

NMR (CDCI3): 8.74 (s. 1H). 7.84 (d. J=1 1.6 Hz. 1H), 4.98 (m. 1H). 4.04 (m. 1H). 3.93 (m. 1H). 3.70 (dd. J=12.3. 
5.6 Hz, 1H). 3.40 (d. J=12.3 Hz, 1H), 3.32 (m, 1H). 2.89 (m. 1H), 1.39 (s. 9H), 1.24 (m, 2H), 1.12 (m, 2H). 1.04 (m, 1H), 
0.79 (m, 1H). 0.51 (m, 1H), 0.29 (m. 1H). 

B. 7-(ria.5ct.6a1-5-Amino-3-azabicvdQf4.1.Q]hept-3-vl^ 1'CvdQDrQPvl-6 .8<IHIuoro-1.4-dihvdr 
boxylic add, mesylate saH 

According to the procedure of Example 2B. the compound of step A (290 mg. 0.61 nrunol) was converted with meth- 
anesulfbnic acid in dioxane (1 0 ml) and water (1 0 ml) to provide the title product, mp > 250''C (51 . 1 mg, 0. 1 1 mmol, 1 8% 
yield). 

^H NMR (DjO-NaOH): 8.50 (s, 1H), 7.66 (d, J=12.4 Hz. 1H), 4.01 (m, 1H), 3.68 (m. 1H), 3.45 (d. J=11.6 Hz, 1H), 
3.30 (d. J=11.6 Hz. 1H), 3.22 (m, 1H), 2.83 (s, 3H), 2.79 (m. 1H), 1.23 (m. 2H). 1.10 (m. 2H). 0.98 (m. 1H). 0.74 (m. 
1H). 0.46 (m. 1H). 0.22 (m. 1H). 

Exartipie 9 

A. 7-(ria.Sa.6aV5-tert-ButQxycarbonylamino-3-azabicydo[4.1.0]hept-3-yl)-5-amino-1 -^^ .4- 
dihydr<H-Qxo-quinQline-3-carbQxy|ic aoM 

According to the procedure of Example 2A. [1a.5a.6a-5-tert43utoxycarbonylannino-3-azabicyclo[4.1.0]heptane 
(110 mg, 0.52 mmol) and 5-amino-1-cycIopropy1-6,7,8-trifluoro-1 .4-dihydro-4-oxo-quinoline-3-cartx)xylic acid (140 mg, 
0.46 mmol) were reacted in dimethylsulfoxide to generate the title product (220 mg, 0.45 mmol, 98% yield). 

^H NMR (DMSO-ds): 8.48 (s. IH). 7.25 (bs, 1H), 7.10 (d, J=7 Hz, 1H), 4.00 (m. 1H), 3.72 (m, 1H), 3.61 (bd, J=10 
Hz. IH). 3.47 (d. J»12 Hz, IH). 2.76 (t, J«10 Hz. IH), 1.38 (s. 9H), 1.16 (m. 1H), 0.97 (m. IH), 0.69 (m, IH). 0.35 (m. 
IH). 

A.7-(ria.5a.6a1-5>Amino-3'azabicvclof4.1.01heDt-3-vl)-5-amino-1-cyclQpropyl-6.^ 
line-3-carboxvlic add, hydrochloride salt 

According the the procedure of Example 28. the compound of step A (220 mg. 0.45 mmol) was converted with 
hydrochloric acid to provide the title product, mp > 238^0 (76.5 mg. 0.18 mmol, 40% yield). 
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NMR (DMSO-de/DjO): 8.50 (s, 1H). 3.99 (m. 1H). 3.62 (m, 1H). 3.47 (m, 2H), 3.01 (m. 2H), 1.32 (m, 1H), 1.07 
(m. 5H), 0.81 (m, 1H), 0.53 (m, 1H). 

^xampte 10 

A, 7-(ria.5Q.6a1-5-tert-Butoxvcariponylamino-3-azabicvdor4.1.01heDt-3-vl)-6-f^^ 
4-oxo-1.8-naphthvridine>3-carboxvlic aci d, ethvl ester 

According to the procedure of Example 2A, [1a,5p.6a]-5-tert-butoxycarbonylamirK>-3-azabicycloI4.1.0]heptane 
(212 mg.. 1 .0 mmol) and the ethyl ester o1 7-chloro-6-f Iuoro-1 -(2.4<lif Iuorophenyl)-1 .4-dihydro-4-oxo-1 .8-naphthyridine- 

3- carboxyiic acid (363.3 mg. 0.95 mmol) were reacted to generate the title product (389 mg, 0.70 mmol, 73% yield). 

NMR (CDCI3): 8.35 (s. 1H). 8.08 (d, J=13 Hz. 1H). 7.35 (m. 1H). 7.05 (m. 2H). 4.58 (m. 1H), 4.36 (q. J=7 Hz. 
2H), 4.05 (m, 1H).3.80(m, 1H), 3.45 (m, 1H),3.30(m, 1H). 1.44 (bs, 10H), 1.38 a J-7 Hz, 3H). 122 (m, 1H),0.54 (m, 
IN). 0.26 (m.lH). 

B. 7-(rifl.5P.6d-5-AmrnQ-3-azabicvclor4.1.01heDt-3-vlV6^luQro-l-f2.4-difluQ^^^ 
ridine-3'Carboxvlic acid, hydrochloride salt 

According to the procedure of Exanrple 28, the compound of step A (383.4 mg, 0.68 mmol) was converted with 
hydrochloric acid to provide the title product mp > 200**C (173.1 mg, 0-377 mmol, 56% yield). 

^H NMR (D2O): 8.85 (s. 1H). 7.95 (d. J=12.8 Hz. 1H), 7.50 (m. 1H), 7.32 (m. 2H). 4,03 (m. 1H), 3.96-3.73 (m. 2H), 
3.53 (m. 2H). 1.55 (m. 1H). 1.46 (m. 1H). 0.84 (m. 1H). 0.56 (m. 1H). 

Example 11 

A. 7-(f 1 a.5Q.6a1-5-tert-Butoxvcart)onvlaminQ-3-Qzabicvdor4. 1 .Q1hepi-3-vR-1 >cvdooropvl-6- f luoro-l .4-dihvdro-4-QxQ^ 
Quinoline-3- cait?oxvllc acid 

According to the procedure of Example 2A. [1a,5p,6a]-5-tert-butoxycarbonylamino-3-azabicyc!o[4. 1.0] heptane 
(133 mg, 0.62 mmol) and 1 •cycloproRyl-6.7-difluoro-1 ,4-dihydro-4-oxo-qulnoline-3-carboxylic acid (164 mg, 0.62 mmol) 
were reacted to generate the title product (99.6 mg. 0.218 mmol. 35% yield). 

^H NMR (CDCI3): 8.72 (s. 1H). 7.96 (d, J-13.3 Hz, 1H), 7.38 (d, J=7.2 Hz, 1H), 4.82 (bd, J=7.6 Hz, 1H), 4.28 (m. 
1H). 3.58 (m. 3H). 3.30 (m. 1H). 3.12 (m. 1H). 1.44 (m, 13H). 1.15 (m. 2H). 0.71 (m, 1H). 0.62 (m. 1H). 

B. 7^([1ft.5a6ttV5-AminQ-3-azabiCYQl0[4.1.Qlhept-3-YlVVCYClQprQPYl^^ 

acid, hydrochloricl&satt 

According to the procedure of Exannple 2B, the conrpound of step A (99 mg. 0.21 mmol) was converted with hydro- 
chloric acid to provide the title product, mp 252^C (decomp.) (32 mg, 0.081 mmol, 38% yield). 

^H NMR (DMSO-dg): 8.71 (s. 1H), 8.39 (bs. 2H), 7.97 (d, J«13 Hz, 1H), 7.62 (bs, 1H), 4.0-3.2 (m, 6H), 1.57 (m, 
2H). 1.41 (m. 2H). 1.24 (m. 2H). 1.00 (m. 1H). 0.81 (m. 1H). 

Example 12 

A. 7-(f1a.6a7aV7-tert-Butoxvcarbonvlamino-3-azabicvclof4.1.0]hept-3-vl)-6-fluorQ-1>(2.4<lifluor 

4- QxQ-1.8-naDhthvridlne-3-cait)oxvlic acid , ethyl ester 

According to the procedure of Example 2A, (1a.6a.7a]-7-lert-butoxycarbonylamlno-3-azabicyclo[4.1.0]heptane 
(300 mg, 1.41 mmol) and the ethyl ester of 7-chloro-6-fluor<>-1-(2,4<lifluorophenyl)-1,4Hjihydro-4-oxo-1,8-naphthyrid- 
ine-3- carboxylic acid (535.3 mg. 1 .40 mnnol) were reacted to generate the title product (780 vng 1 .39 mmol. 99%). 

^H NMR (CDCI3): 8.40 (S. 1H), 8,12 (d, J=13 Hz. 1H), 7.43 (m, 1H). 7.09 (m, 2H), 4.70 (m. 1H). 4.43 (q. Jo7 Hz. 
2H). 3.92 (d, J»12 Hz. 1H), 3.70 (m. 1H), 3.40 (m. IH), 3.10 (m, 1H), 2.28 (m, 1H), 1.99 (m, 1H). 1.82 (m. 1H), 1.45 (s. 
9H). 1.42 (t. J=7 Hz, 3H). 1.21 (m. 2H). 

8.1 7-(ria.6a.7a1-7-Amino-3-azabicvclor4.1.Q1hept-3-yl)-6 -fluoro-1 ■(2.4-d ifluQrophenyl)-1 .4-dihvdro-4-Qxo-1 .S-naph- 
thvridine-3-carfaoxvlic acid, hydrochloride salt 

According to the procedure of Example 28, the connpound of step A (283 mg. 0.51 mmd) was converted with 
hydrochloric acid to provide the title product nrp 204''C (decomp.) (150 mg. 0.322 mmol. 63% yield). 
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^ H NMR (DgO): 8.81 (s. 1 H), 7.76 (d. J-13.5 Hz, 1 H). 7.57 (m. 1 H), 7.29 (m. 2H), 4.01 (d. J=14.9 Hz, 1 H), 3.81 (bd. 
J=13.3 Hz. 1H), 3.45 (m, 1H), 3.20 (m, 1H), 2.50 (bs. 1H). 2.05 (m, 1H), 1.79 (m, 1H). 1.61 (bs» 2H). 

B 2 7.([l«.6tf.7rtl.7>Amino-3-azabicvclQf 4.1.Q]heDt-3-yl)-6-1luoro-1-f2 
lhyridine-3-carboxylic acid, mesviale salt 

According to the procedure of Example 2B. the compound of step A (770 mg, 1 .37 mmol) was converted with meth- 
anesulfonic add in dioxane (1 D ml) and water (10 ml) to provide the title product, mp 2^9''C (decomp.) (249.5 mg, 0.474 
mmol. 35% yield). 

"•h NMR (DaO-NaOH): 8.35 (s. 1H). 7.93 (d. J=13.4, 1H). 7.54 (m, 1H). 7.24 (m. 2H). 3.8S3.60 (m. 2H). 3.33 (m. 
1 H), 3.06 (m. 1 H), 2.85 (s, 3H), 1 .95 (m. 2H), 1 .63 (m, 1 H), 1 .00 (bs, 2H). 

Exqmpig 13 

A. 7- ([1a.6a.7a]-7-ter1-Butoxvcarbonylamlno-3-azabicyclo[4.1.01hept-3-yl)"1 ■cydoproDvl-e-fluoro-l .4-dihydrD-4-oxo- 
1.8-naphthyridine-3-carboxyllc acid ethyl ester 

According to the procedure of Example 2A, [1ct,6a,7a]-7-ten-butoxycartx)nylamino-3-azabicyclo[4.1.0]heptane 
(325 mg, 1.53 mmol) and the ethyl ester of 7-chloro-1-cyclopropyl-6-1luoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3- car- 
boxylic acid (402 mg, 1 ,29 mmol) were reacted to generate the title product (609 rr^, 1 .25 mmol, 97% yield). 

"•h NMR (CDCI3): 8.44 (s. IN). 8.02 (d, J=13 Hz. 1H), 4.77 (bs. 1H). 4.35 (q, J=7 Hz, 2H). 4.25 (d, J=13 Hz. 1H). 
3.92 (m, 1H). 3.65 (m. 1H). 3.48 (m. 1H). 3.27 (m. 1H). 2.34 (m, 1H), 2.10 (m. 1H), 1.95 (m. 1H). 1.40 (s. 9H). 1.37 (1. 
J»7 Hz, 3H). 1.26 (m, 2H), 1.19 (m, 2H), 0.99 (m, 2H). 

B 7-ff1«.6a.7a1'7-Amino-3-azablcvlor4.1.01hei:>t-3-vn-lK;vdoDropyl-6-fl^ 
carboxylic add, hydrochloride salt 

According to the procedure of Example 2B, the compound'of step A (585 mg, 1 .20 mmd) was converted with 
hydrochloric add to provide the title product, mp IdO^'C (decomp.) (265.7 mg, 0.675 mmol. 56% yield). 

^H NMR (DMSO-de): 8.58 (s, 1H), 8.40 (bs, 2H), 8.02 (d. J=13.6 Hz. 1H), 4.19 (d. J-14.1 Hz, 1H). 4.06 (dd, J=13.8, 
5.2 Hz. 1H), 3.73 (m, 2H), 3.37 (m, 2H). 2.49 (m. 1H). 2.16 (m. 1H). 1.84 (m, 1H). 1.66 (m. 1H). 1.58 (m. 1H), 1.19 (m, 
2H), 1.10 (m, 2H). 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. A compound of the formula 




Y 



or a pharmaceutically acceptable add addition salt thereol, wherein 

R** is hydrogen, a pharmaceutically acceptable cation, or (CrCe) alkyl; 

y when taken independently, is ethyl, t-butyl, vinyl, cyctopropyl, 2-tluoroethyl, p-f luorophenyl, or o,p-dif iuor- 
ophenyl; 

W is hydrogen, fluoro. chloro. bromo. Ci-C4 alkyl. Ci-C4 alkoxy. amino or aminomethyl; 
A is CH. OF. COl , COCH3, G-CH3. C-CN or N; or 
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A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a live or six membered ring which may contain oxygen or a double bond, and wNch may have attached thereto 
which is methyl; 
and is 



to 




wherein R^. R*. R^. R*. R^, R^ and R^^ are each independently H. CH3. CH2NH2. CH2NHCH3 or CH2NHC2H5. and 
R^, R^, R'^, and may also be independently be NHg, NHCH3 or NHC2H5, provided that not more than three of 
R^. R*. R^. R^. R^. R^ and R^^ are other than hydrogen and if three of these substitutes are not hydrogen, at least 
20 one of them is methyl; or wherein R** is hydrogen or a pharmaceutically acceptable cation, Y is o.p-dffluorophenyL 
W is H, A is N and R^ is 



25 




and produgs of those compounds of formula I having free amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds. 

35 

2. A compound according to claim 1 . characterized in that R^ arKi W are each hydrogen. 

3. A compound according to daim 1 or 2. characterized in that A is CH or N, or A is carbon and is taken together with 
Y and the cartTon and nitrogen to whrch A and Y are attached to form a six membered ring as follows: 

40 



45 




CH3 



4. A compound accordirtg to daim 3. characterized in that A is N. 

^ 5. A compound according to anyone of daims 1 to 4. characterized in that one or two of P?, R*. R^, R^, R^ and 
R^® are other than hydrogen. 

6. A compound according to claim 5. characterized in that one of R^. R**, R^. R^, R^ or R^ is CH2NH2 or CH2NHCH3. 
and, optionally, another 6f R^. R^. R^ R^. R^ or R^ is methyl; or one of R*. R^, R^ or R^ is NHg or NHCH3 and. 
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optionally, another of R*, R^, or R^ or one off or R^ is methyl. 

7. A compound according to claim 6. characterized in that R^ R^ or is amino and, optionally one of R^, R*. R*. R^ 
R^ or R^^ is methyl. 

6. A compound according to daim 7, characterized in that R^ is amino and optionally, one of R^. R^, R^, R^, R® or R^® 
is methyl. 

9. A pharmaceutical composition comprising a compound of the formula (I) according to any one of claims 1 to 8 or a 
pharmaceutically acceptable add addition salt thereof and a pharmaceuticalty acceptable diluent or carrier 

1 0. A compound of the formula (I) as claimed in anyone of claims 11o 8 or a pharmaceutically acceptable acid addition 
salt thereof for use as a medicament. 

1 1 . The use of a compound of the formula (1) as claimed in any one of claims 1 to 8 or of a pharmaceutically acceptable 
acid addition salt thereof for the nnanu^cture of an antibacterial agent. 

12. A compound of formula: 




Claims lor the following Contracting State : ES 

1 . A process for preparing a conpound of the formula 




or a pharmaceutically acceptable acid addition salt thereof, wherein 

R** is hydrogen, a pharmaceutically acceptable cation, or (CrCe) alkyi: 

Y when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-f luoroethyl. p-f luorophenyl, or o.p-difluor- 
ophenyl; 

W is hydrogen, fluoro. chloro, bromo, CfC^ alky!, C1-C4 alkoxy, amirx) or aminomelhyl; 
A is CH. CF, CC1. COCH3. C-CH3. C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a five or six membereld ring whrch may contain oxygen or a double bond, and which may have attached thereto R^ 
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which is methyl; 
and is 




wherein R^, R^, r5 r6^ r7 p9 r2S are each independently H. CH3, CHjNHj, CH2NHCH3 or CH2NHC2H5, and 
R*. R^, R^, and may also be independently be NHg, NHCH3 or NHC2H5, provided that not more than three of 
R^, R^, R^. R®. R^. R^ and R^^ are other than hydrogen and if three 0I these substitutes are not hydrogen, at least 
one of them is methyl; or wherein R^ is hydrogen or a pharmaceutically acceptable cation, Y is ap-dif luorophenyl, 
Wis H.AisNand R^is 



and produgs of those compounds of formula I having free-amino groups, these prodnjgs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds, characterized tTy reacting a compound of the formula 




wherein, A. W and Y are as defined above, R^ is hydrogen or (d-Celalkyl and X is a leaving group, with a com- 
pound of the formula R^H wherein R^ is as defined above, and also includes the N-protected groups of NH2, 
CH2NH2. NHCH3, CH2NHCH3. NHC2H5 and CH2NHC2H5, and. if desired, reacting with an acid to form a pharac- 
eutically acceptable acid addition salt, or, when R^ is hydrogen, reacting with a base to fbmi a compound wherein 
R^ Is a phannaceutically acceptable cation, or reacting wtth an amino add to form prodrugs of tiiose compounds 
of formula I having a free amino group. 

2. A process according to claim 1 , characterized in that R^ and W are each hydrogen and Y is cydopropyl or o.pKJif- | 



3. A process according to claim 1 or 2, characterized in that A is CH or N. or A is cartxjn and is taken together with Y 
and the cart>on and rtitrogen to which A and Y are attached to form a six membered ring as lollcws: 




luorcpherryl. 
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15 

4. A process according to claims 1 . 2 or 3. characterized in that one or two of R^. R^. R^. R^. R^. R^ and R^^ are other 
than hydrogen. 

20 Claims for the following Contracting State : GR 

1 . A process for preparing a compound of the formula 



25 



30 



3S 




CO2R* 



• •♦I 



or a pharmaceutically acceptaWe acid addition salt thereof, wherein 

R"" is hydrogen, a pharmaceutically acceptable cation, or (Ci-Ce) alkyi; 

X when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-fluoroethyl, p-f luorophenyl. or o,p-difIuor- 
40 ophenyl; 

W is hydrogen, fluoro. chloro. bromo. CyO^ alkyI, CrC4 alkoxy, amino or aminomelhyl; 
A is CH, CF, CC1, COCH3, C-CH3. C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a five or six membered ring whk^ may contain oxygen or a double bond, and which may have attached thereto R^ 
45 which is methyl; 
and R^ Is 




wherein R^. R^, R^ R^. R^ R^ and R^^ are each independently H. CH3. CHgNHg. CH2NHCH3 or CH2NHC2H5. and 
R^. R^. R^. and R^ may also be independently be NHj, NHCH3 or NHC2H5, provided that not more than three of 
R^. R^. R^, R^, R^, R^ and R^ are other than hydrogen and if three of these substitutes are not hydrogen, at least 
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one of them is methyl; or wherein R"* is hydrogen or a pharmaceulically acceptable cation, Y is o,p-difliJorophenyl, 
WIsH, AlsNland is 



5 




10 

and produgs o1 those compounds of formula I having free amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds, characterized by reacting a compound of the lormula 




Y 

25 

wherein, A, W and Y are as defined above, is hydrogen or (Ci-Cgjalkyl and X is a leaving group, with a com- 
pound of the formula R^H wherein R^ Is as defined above, and also includes the N-protected groups of NHg. 
CH2NH2, NHCH3, CH2NHCH3, NHC2H5 and CH2NHC2H5, and, H desired, reacting with an acid to form a pharac- 
eulicaily acceptable acid addition salt. or. when R"" is hydrogen, reacting wrth a base to fbrni a compound wherein 
30 is a pharniaceutically acceptable cation, or reacting with an amino add to form prodrugs of those compounds 

of fornrtula I having a free amino group. 

2. A process according to claim 1 . characterized in that R"* and W are each hydrogen and Y is cydopropyl or o.p-dif- | 
luorophenyl. 

35 

3. A process according to claim 1 or 2, characterized In that A is CH or N, or A is caibon and is taken together with Y 
and the cartxHi and nitrogen to which A and Y are attached to form a six membered ring as follows: 



40 



45 




CH3 



50 



4. A process according to daims 1, 2 or 3, characterized in that one ore two of R^, R^, R^, R^, R^ R^ and R'^* are 
BS other than hydrogen. 

5. A compound of formula: 



34 



EP 0413 455 B1 



5 



10 




PatentansprOche 

20 PatentansprOche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1 . Verbindung der Formel 



25 



30 




35 

Oder 6in pharmazeutisch annehmlDares Saureaddhionssalz davon. worin R"* Wasserstoff, ein pharmazeulisch 
annehmbares Katkxi oder eine (Ci-C6)-Alkylgruppe isl; 

Y. wenn unabhdngig, eine Ethyl% 1-Butyi-. Vinyl-, Cyclopropyl-. 2-Ruorethyl-. p-Fluorphenyl- Oder o. p-Difluorphe- 
nylgruppe ist; 

40 W Wasserstoff, Ruor, Chlor, Brom, eine (CrC4)-Alkyl-, Ci -C4-Alkoxy-, Amino- Oder Aminomethylgruppe ist; 

A CH, CF. CCI. COCH3, C-CH3. C-CN Oder N Ist Oder A Kohlenstoff ist und zusammen mit Y und dem Kohlenstolf 
und dem Stickstoff, an die A und Y gebunden sind, ei'nen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine 
Doppelbindung enthaiten kann. und an den R^, das eine Methylgruppe ist, gebunden sein kann. und 

R2 



so 



55 




worin R^ R^. R^. R^ R^ und R^^ unabhangig H. CH3. CH2-NH2. CH2NHCH3 oder CH2NHC2H5 bedeuten und 
r5. R^, R^ und unabhangig auch NHg, NHCH3 oder NHC2H5 sein kdnnen, mit dem VorbehaH, daB nicht mehr 
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als 3 der Resle R^, R'', R^, R^, r7, r9 und R^^ etwas anderes als Wasserstoff sind und wenn 3 dieser Subslituen- 
ten nicht Wasserstolf sind, mindeslens einer von Ihnen eine Methylgruppe isl; Oder worin R^ Wasserstoff oder ern 
pharmazeutisch annehmbares Kation ist. Y o.p-Dif luorphenyl ist. W H ist. A N ist und 



ist, und Prodrugs derjenigen Verbindungen der Formel I, die treie Aminogruppen haben, wobei diese Prodrugs 
einen Anrdnosaurerest oder eine Polypeptidkette mit zwei oder mehreren Aminosaureresten umlassen, die kovalenl 
durch Peptidbindungen verbunden sind. 

2. Verbindung nach Anspruch 1 . dadurch gekennzeichnet. da(3 R^ und W jeweiis Wasserstoff sind. 

3. Veibindung nach Anspmch 1 oder 2. dadurch gekennzeichnet, daf3 A CH Oder N ist oder A Kohlenstoff ist und 
zusamfnen mit Y und dem Kohlenstoffatom und dem Stickstoffatom, an die A und Y geburiden sind. einen sechs- 
glledrigen Ring wie folgt bildet: 



4. Verbindung nach Anspruch 3, dadurch gekennzeichnet, daB A N ist. 

6. Verbindung nach einem der Ansproche 1 bis 4. dadurch gekennzeichnet, daft einer oder zwei der Reste R^. R*. 
R*. R^, R^, und R^^ eine andere Bedeutung als Wasserstoff haben. 

6. Verbindung nach Anspruch 5. dadurch gekennzeichnet, da6 einer der Reste R^ R^, R^, R^, R^ oder R^ CHgNHg 
Oder CH2NHCH3 ist und fakultativ ein anderer der Reste R^. R*. R^. R^ R^ oder R^ Methyl ist; oder einer der Reste 
R*. R^, r7 Oder R^ NHg oder NHCH3 ist und fakultativ ein anderer der Reste R^, R^ R' oder R^ oder einer der 
Reste R^ oder R^ Methyl Ist 

7. Verbindung nach Anspruch 6. dadurch gekennzeichnet, daB R^. R7 oder R^ An^no Ist und fakultativ einer der 
Reste R^, r1 R^ r^, r9 Oder R^s Methyl Ist. 

8. Verbindung nach Anspruch 7. dadurch gekennzeichnet. daB R^ Amino ist und fakultativ einer der Reste R^. R'*, R^. 
R®. R^oder R^^ Methyl ist. 

9. Phannazeutische Zusammensetzung. umfassend eine Verbindung der Formel (I) nach einem der AnsprQche 1 bfe 
8 Oder ein pharmazeutisch annehmbares Sdureadditk)nssalze davon und ein pharmazeutisch annehmbares Ver- 
dQnnungsmrttel oder einen Trdger. 

10. Verbindung der Formel (I) nach einem der AnsprQche 1 bis 8 oder ein pharmazeutisch annehmbares Sdureadcfitl- 
onssalz davon zur Verwendung als Arzneimittel. 

11. Venwendung einer Verbindung der Fomiel (I) nach einem der AnsprQche 1 bis 8 Oder eines pharmazeutisch 
annehmbaren Saureadditionssalzes davon zur Herstellung eines antibakteriellen Mrttels. 

12. Vert>indungder Fomiel 
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Patentanspruche fur folgenden Vertragsstaat : ES 
20 1 . Verfahren zur Heisteilung einer Verbindung der Formel 



2$ 



30 




Oder eines pharmazeutisch annehmbaren Sdureadditionssalzes davon. worin 
35 Ri Wasserstoff. ein pharmazeutisch annehmbares Kation oder eine (CrC6)-Alkylgrupp8 ist; 

Y. wenn unabhangig, eine Ethyl-, t-Butyl-. Vinyl-. Cyclopropyl-. 2-Ruorethyl-. p-Fluorphenyl- Oder o. p-Difluorphe- 
nylgruppe ist; 

W Wasserstoff, Ruor. Chlor, Brom. eine (Ci-C4)-Alkyl-. Ci-C4-AlkQxy-. Amino- Oder Aminomethylgryppe ist; 
A CH. CF. CCI. CCX^Hs, C-CH3. C-CNoder N ist oder 
40 A Kbhienstolf ist und zusammen mit Y und dem Kohienstoff und dam Stid^toff, an die A und Y gebunden sind, 
einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine E)oppelbindung enthalten l^nn, und an den R^, das 
eine IVtethylgruppe ist, gebunden sein kann. und 

R2 



SO 




worin R'*. R^, R^ R^, R^ und R^^ unabhang*^ H. CH3. CHg-NHa, CH2NHCH3 oder CHgNHCaHs bedeuten und 
55 R^ R®. R^ und unabhangig auch NH2. NHCH3 Oder NHC2H5 sein konnen. mrt dem Vorbehait. daB nichi mehr 
als 3 der Reste R^, R^, R* R^, R^, R^ und R^ etwas anderes als Wasserstoff sind und wenn 3 dieser Substituen- 
ten nicht Wasserstoff sind. mindestens einer von ihnen eine Mettiylgruppe ist; Oder worin R** Wasserstoff oder ein 
pharmazeutisch annehmbares Kation Ist. Y o.p-Difluorphenyl ist W H ist. A N ist und R^ 
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ist, und PrcxJrugs derjenigen Verbindungen der Fbrmel I, die Ireie Aminogruppen haben, wobei diese Prodrugs 
einen Amlnosaurerest Oder eine Polypeptidkette mit zwei Oder mehreren Aminosaureresten umfassen, die kovalenl 
durch Peptidbindungen verbunden sind, 

gekennzeichnet durch das Umsetzen einer Verbindung der Formel 



0 




...II 



worin A, W und Y wie oben definiert sind. Wasserstoff Oder eine CrCg-Alkylgruppe ist und X eine Abgangs- 
gruppe ist, mil einer Verbindung der Formel R^H, worin wie oben definiert ist und auch die N-geschutzten Goip- 
pen von NHg. CH2NH2. NHCH3. CH2NHCH3. NHC2H5 und CH2NHC2H5 eInschlleBt und. lalls gewQnscht. 
Umsetzen mil einer SSure. um ein pharmazeutisch annehmbares SSureadditionssaiz zu biWen, oder, wenn 
Wasserstoff ist. Umsetzen mit einer Base, um eine Verbindung zu bilden. worin R** ein pharniazeutisch annehmba- 
res Kation ist oder mit einer Aminosaure umsetzt, um Prodrugs der Verbindungen der Fbrmel I mit einer f reien Aml- 
rK>gruppe zu bilden. 

2. Verfahren nach Anspruch 1 . dadurch gekennzeichnet. daB R"* und W Jewells V^sserstofi sind und Y eine Cyclo- 
propyl- odero.p-Difiuorphenylgruppe ist. 

3. Verfahren nach einem der Anspruche 1 oder 2. dadurch gekennzeichnet, daB A CH oder N ist oder A Kohlensloff 
ist und zusammen mit Y und dem Kohlenstoffatom und dem Stictetoffatom,an die A und Y gebunden sind, einen 
sechsgliedrlgen Ring, wie lolgl bik:let: 




4. Verfahren nach den Anspruchen 1 , 2 oder 3* dadurch gekennzeichnet, daB einer oder zwei der Substituenten R^, 
R*. R^. R®. R^. R^ und R^^ eine andere Bedeutung als Wasserstoff hat/haben. 

PatentansprOche fur foigenden Vertragsstaat : GR 

1 , Verfahren zur Herstellung einer Verbindung der Fbrmel 
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Oder eines pharmazeutisch annehmbaren Saureadditionssalzes davon, worin 

Wassersloff. ein pharmazeutisch annehmbares Kation Oder eine (Ci-C6)-Alkylgruppe ist; 
X wenn unabhangig; eine Ethyl-, t-Butyl-, Vinyl-, Cyclopropyl-, 2-Fluorethyl-, p-FIuorphenyl- oder o, p-Difluorphe- 
nylgruppd ist: 

W Wasserstoff, Ruor, Chlor, Brom, eine (CrC4)-Alkyl-, Ci-C4-Alkaxy-, Amino- oder Aminomethylgruppe ist; 
A CH, CF. CCI. COCH3. C-CH3. C-CN Oder N ist oder 

A Kbhienstolf ist und zusammen mit Y und dem Kohlensloff und dem Stickstoff. an die A und Y gebunden sind, 
einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine Doppelbindung enthalten kann, und an den R^, das 
dine Methylgruppe ist. gebunden sein kann. und 

R2 




worin R^ R^. R^. R^. R^ und R^^ unabhangig H. CH3. CH2-NH2. CH2NHCH3 oder CHgNHCaHsbedeuten und 
R^, R*, R^ und R^ unabhangig auch NHg, NHCH3 oder NHC2H5 sein kdnnen, mit dem VorbehaH, daG nicht mehr 
als 3 der Reste R^, R^. R^. R^. R^, R^ und R^ etwas anderes als Wasserstoff sind und wenn 3 dieser Substituen- 
ten nk;ht Wasserstoff sind, mindestens einer von ihnen eine Methylgruppe ist; oder worin V^sserstotf oder ein 
pharmazeutisch annehmbares Katbn isl. Y o,p-Dilluorphenyl ist W H Ist, A N Ist und 




Ist, und Prodrugs derjenigen Verbindungen der Fomiel I, die freie Aminogruppen haben. wobei diese Prodrugs 
einen Aminosaurerest oder eine Polypeptidkette mit zwei Oder mehreren Amlnosdureresten umf^ssen. die kovalent 
durch Peptidbindungen verbunden sind, 

gekennzelchnel durch das Umsetzen einer Verbindung der Formel 
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..•II 



worin A. W und Y wie oben definiert sind, Wasserstolf oder eine Ci-Cs-Alkylgruppe ist und X eine Abgangs- 
gruppe ist, mil einer Verbindung der Formel R^H, worin wie oben definiert ist und auch die N-geschOtzten Grup- 
pen von NH2. CH2NH2. NHCH3. CH2NHCH3, NHC2H5 und CH2NHC2H5 einschlieBt und. fells gewQnscht. 
Umsetzen mil einer Saure, urn ein pharmazeutisch annehnfibares Saureadditionssalz zu bllden, oder, wenn 
Wasserstoff ist. Umsetzen mit einer Base, urn eine Verbindung zu bilden. worin R** ein pharmazeutisch annehnnba- 
r es Katton ist oder mit einer Aminosaure umsetzt, um Prodrugs der Verbindungen der Formel I mit einer f reien Ami- 
nogruppe zu bilden. 

2. Verfahren nach Anspruch 1 . dadurcti gekennzeichnet, daB R** und W jeweils Wasserstoff sind und Y eine Cydo- 
propyl- Oder o.p>Dif luorphenylgruppe ist. 

3. Ver^en nach einem der Anspruche 1 Oder 2. dadurch gekennzeichnet, daB A CH Oder N ist oder A Kbhienstoff 
ist und zusammen mit Y und dem KohlenstoHatom und dem Stickstoffatom,an die A und Y gebunden sind. einen 
sechsgliedrigen Ring, wie lolgt bildet: 



4. Verfahren nach den Anspruchen 1 , 2 oder 3, dadurch gekennzeichnet. daf3 einer oder zwei der Substituenten R^. 
R^. r5, R^, R^, R^ und R^^ eine andere Bedeutung als Wasserstoff hat/haben. 

5. Veit)indung der Fomiel 
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Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

5 1 . Compost de tormute 



10 




ou un sel d'addition d*acide pharmaceuliquement acceptable de ce compose, formule dans laquelle 

R'' est de lYiydrogdne, un cation pharmaceutiquemem acceptable ou un groupe alKyle en Ci ^ Cg ; 
20 X consider^ ind^pendamment, represente un groupe ethyle, tertio-butyle, vinyle, cyctopropyle, 2-1luore- 

thyte, p-fluoroph^nyle ou o.p-difluoroph^nyle ; 

W estde Thydrog^ne, un radical fluoro. chloro. bronno. alkyle en ^ alKoxy en Ci d C4. amino ou ami- 

nomethyle ; 

A est un groupe CH. CF, CCI. COCH3. C-CH3. C-CN ou N : ou blen 
25 A est un atome de carbone et forme, conjointement avec Y et avec le cartx)ne et Tazote auxquels A et Y sont 

attaches, un noyau pentagonal ou hexagonal qui peut contenir de I'oxygdne ou une double liaison, el auquel peut 
§lre attach^ un groupe qui est un groupe m6thyle ; 
et R^ est un groupe 




dans lequel R^, R^, R^, R^ et R^^ representent chacun, independamment H, un groupe CH3, CH2NH2, 

CH2NHCH3 ou CH2NHC2H5. et R^, R®. R^ et R^ peuvent aussi representor ind6pendammenl un groupe NHg. 
NHCH3 ou NHC2H5, sous r§sen^eque pas plus detrois de R^. R^. R^. R^. R^, R^ et R^^ representent autre chose 
46 que de fhydrog^ne et que. si trois de ces substituanis ne repr^sentenl pas de I'hydrog^e. au moins fun tfentre 
eux repr6sente un groupe m6thyle ; ou t>ien R^ est de Itiydrog^ne ou un cation pharmaceutiquement acceptable. 
Y est un groupe o,p-dif luoroph^nyle, W represente H. A represente N et R^ est un groupe 



so 




et des prom^icaments de ces composes de fornrrule I portant des groupes annino libres, ces prom^icaments 
conprenant un r^idu^d*aminoacide ou une chaTne polypeptidique de deux ou plus de deux r6sidus d'aminoaddes 
qui sont lies par covalence par Untermediaire de liaisons peptidiques 
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2. Compose suivant la revendication 1 , caracterise en ce que et W representent chacun de Thydrogene. 

3. Compose suivant la revendication 1 ou 2. caract§rise en ce que A r^^enle CH ou N, ou bien A est du carbone 
et forme conjointement avec Y et avec les atomes de carbone et d'azote auxquels A et Y soni attaches, un noyau 
hexagonal de fbmiule suivame : 



4. Compost suivant la revendication 3. caract6ris6 en ce que A est un alome d'azote. 

5. Compose suivant I'une quelconque des revendications 1 & 4. caract6ris6 en ce qu'un ou deux de R^, R^ R*. R^ 
R^, R^. et R^^ representent autre chose que de ITiydrog^e. 

6. Conrpos6 suivant la revendication 5. caract6ris6 en ce que Tun de R^. R'*. R^. R^. R^ ou R^ est un groupe CHgNHg 
ou CH2NHCH3 et. a titre lacultatif, un autre de R^, R"*, R^, R^. R^ ou R^ est un groupe methyle ; ou bien Pun de R^» 
R^. R^ ou R^ est un groupe NH^ ou NHCH3 et. A titre lacultatif, un autre de R®, R^ R^ ou R^ ou Tun de R^ ou R^ 
est un grotpe methyle. 

7. Compose suivant la revendication 6, caract6rls6 en ce que R®. R^ ou R^ est un groupe amino et. d, titre facuHatit, 
run de R^, R^ R^. R^, ou R^ est un groupe methyle. 

a. Compose suivant la revendication 7, caracieris6 en ce que R^ est un groupe amino et, d titre lacultatit, Tun de R^, 
R*. R^. R^ R^ ou r2^ est un groupe m6thyle. 

9. Composition pharmaceutique, comprenant un compose de formule (I) suivant I'une quelconque des revendications 
1 ^ 8 ou un sel d'addition dacide pharmaceutiquement acceptable de ce compose et un diluent ou support accep- 
table du point de vue pharmaceutique. 

10. Conrpose de formule (I) suivant Tune quelconque des revendications 1 a 6 ou sel d'addition d^acide pharmaceuti- 
quement acceptable de ce compose destine a etre utilise comme medicament. 

11 . Utilisation d'un compose de formule (t) suivant I'une quelconque des revendications 1 ^ 8 ou d un sel d'addttion 
d'adde pharmaceutiquement acceptable de ce compose pour la production d'un agent antibacterien. 

12. Conpose de fbrnrujle : 



a 
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Revendications pour TEtat contractant suivarrt : ES 
1 . Proc^6 de production d'un compost de formule 

w 




ou d'un sdl d'addition d'aclde pharmaceutk^uement acceptable de ce compost, formule dans laquelle 

est de ITiydrog^e, un cation pharmaceutiquement acceptable ou un groupe alKyle en Ci ^ Ce : 

Y consrd6r6 ind^pendamment, repr6sente un groupe 6thyle. tertlo-butyle, vinyle, cyclopropyle, 2-1luore- 
thyle, p-1luoroph6nyle ou o.p-difluoroph6nyle : 

W est de Thydrogene, un radical f luoro, chbro, bromo» alkyle en Ci a C4, alkoxy en Ci a C4, amino ou ami- 
nom6thyle ; 

A est un groupe CH. CF, CCI. COCH3, C-CH3, C-CN ou N ; ou bien 

A est un atome de carbone et forme, conjointement avec Y et avec le cart)one et I'azote auxquels A et Y sont 
attaches, un n<^u pentagonal ou hexagonal qui peut contenirde Toxyg^ne ou une double liaison, et auquel peut 
etre attache un groupe qui est un groupe methyle ; 
et R^ est un groupe 




dans lequel R^. R^, R^ R^ R^, el R^^ repr^sentent chacun, independamment H, un groupe CH3. CH2NH2, 
CH2NHCH3 OUOH2NHC2H5. et R^. R^. R^ 6t R^ peuvent aussi repr6senter ind^ndamment un groupe NH^. 
NHCH3 ou NHC2H5, sous reserve que pas plus de Irois de R^, R^, R^, R^. R^, R^ et R^^ representent autre chose 
que de ITiydrog^ne et que. si trds de ces sut)stituants ne representent pas de ITiydrog^e. au moins Tun Centre 
eux repr^sente un groupe m^lhyle ; ou bien R^ est de lliydrog^ne ou un cation pharmaceutiquement acceptable. 
Y est un groupe ap-dif luorophenyle. W repr^ente H, A repr^ente N et R^ est un groupe 
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et des prom§dicamen1s de ces compost de lormule I portant des groupes amino libres» ces prom^dicaments 
comprenant un r6sidu d'aminoacide ou une chaTne polypeptidique de deux ou plus de deux r^sidus tfaminoacides 
qui sont lies par covalence par I1nterm§diaire de liaisons peptidlques, caracterise par la ruction d'un compost de 
formule 




Y 



dans laquelle A, W et Y sont lels que deftnis ci-dessus, est de Thydrog^ne ou un groupe alkyte en a Ce el X 
est un groupe partant. avec un compos6 de lormule R^H dans laquelle R^ est tel que d6fini ci-dessus, y compris 
les groupes N-pro1§ges de NUg, CHgNHg. NHCH3. CHgNHCHj, NHC2H5 et CHgNHCgH^ el. le cas ech6ant, la 
reaction avec un acide pour former un sel d'addtion d'adde pharmaceutiquement acceptat)le ou bien. lorsque R"* 
est de Itiydrog^e, la reaction avec une base pour ibrmer un compose dans lequel est un cation phamnaceuti- 
quemenl acceptable, ou la reaction avec un aminoadde pour former des prom6dicaments des composes de for- 
mule I portant un groupe amino llbre. 

2. Proc6d6 suivant la revendication 1 . caract6ris6 en ce que R"* el W repr^sentent chacun de ITiydrog^ne et Y est un | 
groupe cyclopropyle ou o,p-difluorophenyla 

3. Procede survant la revendication 1 ou 2, caracterise en ce que A represente CH ou N, ou bien A est du carbone et 
lorme. conjointement avec Y et avec le cart>one et I'azote auxquels A et Y sont attaches, un noyau hexagonal de 
lormule suivante : 




4. Proc§de suivant la revendication 1 , 2 ou 3, caract^ls6 en ce qu*un ou deuxde Pp, R®, R^, R^, R^ et R^^ repr§- 
sentent autre chose que de lYiydrog^ne. 
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1 . Precede de production d'un compose de formule 



10 




Y 



ou d'un sel d'addition d'acide pharmaceutiquemerrt acceptable de ce compos6. formule dans laquelle 

est de ITiydrogene, un cation pharmaceutiquemeni acceptable ou un groupe alkyle en ^ ; 
Y, consid6r6 ind6pendamment. repr^sente un groupe 6thyle. tertlo-butyle. vinyle. cyclopropyle. 2-fluor6- 
20 thyl0, p-fluoroph6nyle ou o,p-difluoroph^nyte ; 

W est de rhydrog^e, un radical fluoro. chloro. broino. alkyle en ^ C4. alkoxy en ^ C4. amino ou ami- 
nom6thyle : 

A est un groupe CH, CF, CCI, COCH3, C-CH3, C-CN ou N ; ou bien 

A est un atome de carbone et forme, conjoinlement avec Y et avec le cartx)ne el Tazote auxquets A et Y sont 
25 attaches, un noyau pentagonal ou hexagonal qui peut contenir de I'oxyg^ne ou une double liaison, et auquel peut 
&tre attach^ un groupe qui est un groupe m6thy1e : 
et est un groupe 



30 



36 




dans lequel R^. R**. R^. R^. R^. R® et R^ repr6sentent chacun, ind^pendamment. H. un groupe CH3. CH2NH2. 
CH2NHCH3 ou CH2NHC2H5, et R^. R^ et R^ peuvent aussi repr§senter independamment un groupe NHj. 
40 NHCH3 ou NHC2H5, sous r§sen/e que pas plus de trois de R^. R^. R^, R®, R^, R® et R^^ represented autre chose 
que de itiydrog^ne et que, si Irois de ces sut)slituants ne repr^sentent pas de I'hydrog^ne. au moins Tun dentre 
eux repr§sen1e un groupe m6thyle ; ou bien R^ estde Itiydrogene ou un cation pharmaceutiquement acceptable, 
Y est un groupe o,p-difluoroph6nyle, W repr^sente H. A repr6sen1e N et R^ est un groupe 

4S 

so 

et des prom§dicament5 de ces composes de formule I porlant des groupes amino libres. ces prom6dicaments 
comprenant un r^sidu d'aminoacide ou une chaTne polypeptidrque de deux ou plus de deux r^sidus d'aminoaddes 
qui sont Ii6s par covalence par l interm^iaire de liaisons peptidiques, caract6ris6 par la reaction d'un compost de 
ss fbrmde 
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5 



10 




dans laquelle A, W et Y sont tels que d^inis ci-dessus, est de I'hydrog^ne ou un groupe alkyle en a el X 
est un groupe partant, avec un compost de formule R^H dans laquelle R^ est tel que def ini ci-dessus, y compris 
15 les groupes N-prot6g6s de NH2. CHgNHg. NHCH3. CH2NHCH3. NHC2H5 et CH2NHC2H5 et, le cas 6ch6ant. la 
reaction avec un acide pour former un sel d*addition d'acide pharmaceutiquement acceptable ou bien, lorsque R'' 
est de ITiydrog^ne, la reaction avec une base pour termer un compost dans lequel R^ est un cation phannaceuti- 
quement acceptable, ou la reaction avec un aminoadde pour former des prom§dicaments des composes de for- 
mule I portant un groupe amino libre. 

20 

2. Proc6d6 suivant ta revendication 1 , caract6rrs6 en ce que et W repr6sentent chacun de mydrogdn© et Y est un | 

groupe cyclopropyle ou o.p-difluoroph^nyla 

3. Proc6d6 suivant la revendication 1 ou 2. caract^rls^ en ce que A repr6sente CN ou N, ou bien A est du carbone et 
25 forme, conjointement avec Y et avec le cartwne et I'azote auxquels A el Y sont attaches, un noyau hexagonal de 

lormule suivante : 
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4. Proc6d6 suivant la revendication 1 . 2 ou 3, caract^is6 en ce qu'un ou deux de R®, R^. R^. R^ R^. et R^^ repr6- 
sentent autre chose que de I'hydrog^ne. 

Compose de formule : 
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